Executive Summary

Southeast United States Hurricane Evacuation Traffic Study

In September 1999, the largest peacetime evacuation ever to take place in the United
States occurred as the result of Hurricane Floyd. As a result of massive public response,
huge out-of-county and out-of-state evacuee movements, and multiple states loading onto
a limited road network within a very short timeframe, traffic congestion reached levels
never seen by the public. The public’s experience during the Floyd evacuation and their
resulting outcry to elected officials and emergency management professionals “to fix the
evacuation problem” has resulted in many federal, state, and local initiatives to better
manage evacuations.

Study Purpose

At the federal level, under the directives of Vice President Gore, FEMA, USDOT, and
the U.S. Army Corps of Engineers joined together to address problems that surfaced
during the Floyd evacuation. Specifically, Florida, Georgia, South Carolina and North
Carolina were promised that an initial effort would be accomplished by February 2000 to
find out what the public did in response to Floyd, to develop a web based travel demand
forecast system that would anticipate evacuation traffic congestion and cross state travel
flows, and to coordinate with state DOTs on one way strategies and ITS technologies. To
assist with this effort, PBS&J was hired as a consultant to produce the necessary products

and facilitate the important coordination effort associated with the process.

Documentation and Coordination

Documentation for the study effort includes this Executive Summary and three technical

memoranda which focus on three major areas:

Technical Memorandum 1 — Behavioral Analysis
Technical Memorandum 2 — Evacuation Travel Demand Forecasting System

Technical Memorandum 3 — Reverse Lane Standards and ITS Strategies

Each state has been an integral part of the development and review of work products.
Staff from each state’s emergency management office, department of transportation, and
highway patrol have been of great assistance. A web site that was developed by the U.S.
Army Corps of Engineers kept study participants abreast of study progress throughout the



study. A brief summary of key findings is provided for each of the three major technical

components.

Behavioral Analysis

Hazards Management Group of Tallahassee, Florida was hired to document the public’s
response to Floyd. Sixty-nine hundred phone interviews focusing on a variety of public
response characteristics were accomplished with the public. Residents in coastal surge
and non-surge areas, as well as residents in non-coastal areas, were contacted. The

number of interviews accomplished in each state was as follows:

North Carolina 1200 interviews
South Carolina 1800 interviews
Georgia 1200 interviews
Florida 2700 interviews

6900 total interviews

Results from the interviews revealed some of the highest participation rates ever
experienced in an evacuation. Participation rates from non-surge areas and inland
adjacent counties were quite high and noteworthy. Most evacuees said they left due to
notices from public officials and what they were hearing on The Weather Channel and

local weather stations.

Of equal importance was the finding that a large percentage of evacuees went out-of-
county to find acceptable refuge from the storm.

For Northeast Florida, Savannah, Charleston, and Wilmington (who were major
contributors to the evacuation), it is interesting to see a percentage breakdown by state
destination. Interstate traffic movements affected evacuations in neighboring states.

Although many other behavioral parameters are documented in Technical Memorandum
1, a final behavioral component is presented regarding public shelter use. These numbers
are quite low compared to what would be expected:

Web-based Evacuation Travel Demand
Forecasting System

A web based evacuation travel demand model was constructed so that major traffic
congestion areas and traffic flows could be anticipated and monitored for a Floyd type
event. This important tool was developed using Microsoft’s Visual Basic and ESRI’s
Map Objects, Map Objects IMS, and Arcview. Out-of-county evacuation traffic data



calculated in FEMA/Corps hurricane evacuation study products and Regional Planning
Council hurricane studies were used as a baseline for the model.

The model is set up so that a state would dial up the model and input the following for

each county responding:

Category of hurricane
Expected participation rate/compliance rate

Tourist occupancy

I R

Destination percentages (optional/defaults encouraged)

Once these are submitted for each responding county, the model updates a number of
system forecasts and graphics, providing key information for a significant hurricane
threat. Other data that can be input real time are hour by hour traffic counts at locations
where states have the ability to collect and communicate such information. Florida and
South Carolina currently have such a capability at many strategic evacuation roadway
locations. As traffic counts are input, accumulated traffic can be compared to system

forecasts.

Major outputs of the model include:

O Expected congestion levels by major highway segment

O Tables of expected vehicles crossing state lines by direction

O Comparisons of traffic count station data to forecast condition

O Numbers of vehicles generated by each county traveling to specific inland locations

O Route information by segment including number of lanes, facility type, service

volume, congestion measure

Ideally, the model will be housed at the FEMA Region IV Regional Operations Center
and will become the primary tool by which an Evacuation Liaison Team (ELT) collects
and disburses traffic and evacuation information to the states. The process requires that
the states submit data and participate in the web site during an actual threat. Meetings

will be held in the spring of 2000 to work out operational details of the ELT.



Traffic  Conditions,  Reverse  Lane
Standards, and ITS Strategies

All available traffic counts collected by the state DOTs during Floyd were graphed and
analyzed. The hour-by-hour and daily count totals confirmed and supported the
congestion levels reported by the public and highway patrol. The highest per lane
volumes seen during the Floyd evacuation on interstate facilities were between 1500 and
1600 vehicles per lane per hour. The diagrams below show typical traffic count
summaries developed with the Floyd traffic data. The locations are [-26 westbound out
of Charleston and I-10 westbound out of Jacksonville. Valuable evacuation information

regarding evacuation flow, duration, and queuing that can be seen using the data:

Extensive coordination with each state’s DOT and highway patrol occurred to review
existing one way/reverse lane plans for hurricane evacuations. Meetings were held in
each state to discuss every aspect of traffic operations for reverse lane strategies used
during Floyd on I-16 in Georgia and 1-26 in South Carolina (and yet to be implemented
on I-40 in North Carolina and the Florida Turnpike in Florida). Best features of each
plan were noted and a comprehensive checklist of features that must be addressed for
reverse laning in any location were compiled. The following table shows the features
that must be addressed for reverse lane operations and a qualitative assessment of the
impacts/benefits that might be present for a contra-flow lane, using a shoulder, or

reversing all lanes in one direction:

A final area that was addressed with each state’s DOT and highway patrol was that of
Intelligent Transportation Systems (ITS) technologies that could be used to manage
hurricane evacuations. State by state recommendations were developed and focused on

elements of the following ITS technologies:

Surveillance systems

Traffic information dissemination
Freeway control

Signal control systems

Navigation/route guidance systems

N I I N B

Communications between field devices and control centers



[] Incident management systems
[] Automated vehicle location systems

] Computer aided dispatching

A map was provided showing locations where ITS applications are recommended.

Tables were developed with rough cost estimates for each treatment.



Behavioral Analysis



Chapter 1
Public Response to Hurricane Floyd
In Dade and Broward Counties, Florida

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in Dade and Broward Counties,

Florida. The sample was stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 200 interviews in areas of coastal counties not subject to inundation by
storm surge

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. A copy of the generic questionnaire used in

post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of
the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17

percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
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12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables data refer to percentages of respondents. In response to some
questions respondents could give more than one answer, resulting in totals exceeding

100%.



Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In
the category 1 risk zone, only a third evacuated, as did 12% in other surge zones and 10%
in the non-surge area (Table 1). Only residents of category 1 surge areas were ordered to
evacuate. Evacuees leaving from other areas — unless they lived in mobile homes — were

“shadow” evacuees.

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal

Surge Zone Surge Zones Non-surge

N=201 N=204 N=204
Evacuated 34 12 10

Most of the residents who did not evacuate gave the same reason: they felt their home
would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2). No other single reason was prominent in the responses.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-Surge
N=130 N=168 N=176

House OK for 68 61 67

Storm

Officials Said | 2 5 6

Stay

Media Said | 6 6 2

Stay

Friends Said | 3 4 1

Stay

Officials Didn’t | 9 11 12

Say Leave

Probabilities 18 9 9

Low

Other Info. | 9 2 3

Would Miss

No Transport 1 1 1

No Placeto Go | 1 2

Protect from | 1 1 2

Looters




Table 2. Why Stayed (Percent of Respondents) continued

Protect from | 2 2 2
Storm

Left in Past| 10 5 2
Miss

Job 5 3 5
Waited Too | 1 1 0
Long

Traffic 2 1 1
Tried, Gave Up |1 0 0
Dangerous on | 2 1 0
Road

Pets 2 2 2
Required 2 1 0
Medical Care

Other 9 17 9
Don’t Know 2 3 1

Jobs were mentioned by some, and all respondents were asked specifically whether
anyone in their household had to work during Floyd and how that affected their
evacuation (Tables 3, 4). More than a fourth said someone in the household had to work,

and some (but not most) said it either prevented part of the household from evacuating or

delayed their departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=201 N=204 N=205

Yes 28 35 42

No 72 65 58
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=55 N=70 N=85
None 67 86 91
Kept All from | 9 6 5
Leaving
Kept Part from |2 0 0
Leaving
Delayed All in |7 6 2
Leaving
Delayed Part in |7 0 0
Leaving
Other 7 3 2

Those who didn’t evacuate were asked whether they would have left had they been
convinced the storm was going to strike, and more than half in the surge zones said they
would have (Table 5). Most in surge zones also said they had made the necessary

preparations to leave in case conditions worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=133 N=179 N=182

Would Have Left 62 54 48

Wouldn’t Have Left | 66 36 41

Don’t Know 12 11 11

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=133 N=179 N=184

Had Prepared 70 63 50

Hadn’t Prepared 30 36 50

Don’t Know 0 1 1
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Evacuees were asked what convinced them to leave, and most indicated some
combination of response to actions by public officials, media messages, appeals from

friends, and concern about storm conditions (Table 7.)

Table 7. Why Left (Percent of Respondents)

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=22 N=16
Officials Said | 24 14 19
Leave
NWS Said | 12 14 19
Leave
Police/Fire Said | 9 0 0
Leave
Media Said | 29 23 0
Leave
Friend Said | 17 14 13
Leave
Storm Severe 24 9 25
Heard “Bad as | 9 5 0
Hugo/Andrew”
Increased in|2 0 0
Strength
Concerned 11 18 31
about Flooding
Concerned 21 36 13
about Winds
Concerned re. | 0 5 6
Road Flooding
Probability of | 12 5 19
Hit
Post-Storm 0 5 0
Concerns
Other 15 27 19
Don’t Know 0 0

In an attempt to separate the effect of messages disseminated by government officials via
the media from the effect of other information heard via the media, respondents were
asked which had the greater impact on their decision to evacuate. Information from

officials had the greater impact in all three risk zones, according to respondents (Table 8).



Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=22 N=16

Media Info from | 61 50 56

Gov’t Officials

Other Media Info | 29 27 25

Info from Friends | 17 14 25

Other 3 27 0

Don’t Know 2 0 0

Interviewees were also asked whether they heard from officials — either directly or
indirectly — that they should evacuate. Only in the category 1 risk area did close to half
say they did (Table 9). Those who did hear evacuation notices were more likely than

others to evacuate, particularly if they believed the notice to be mandatory (Table 10).

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-Surge
N=201 N=204 N=205

Heard Notice 42 16 8

Didn’t Hear 53 79 91

Don’t Know 5 5 1

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample sizes vary by cell)

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-Surge
Heard Must 66 46 75
Heard Should 32 37 30
Didn’t Hear 26 6 7
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Only in the category 1 surge zone did more than half the respondents say they would be
unsafe in a 125 MPH hurricane in their own homes, and even there the majority was
slight (Table 11a). A fourth of those living in non-surge areas said they would be unsafe.
In all four risk zones people who perceived their homes to be vulnerable were more likely

than others to evacuate in Floyd (Table 11b).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-Surge
N=201 N=204 N=205
Safe 33 48 60
Unsafe 55 36 25
Don’t Know 12 15 15

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-Surge
Safe 18 5 3
Unsafe 43 21 20
Don’t Know 33 13 20
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Evacuation Timing
Evacuation departures were fairly gradual, primarily during September 13 and 14, with

most of the response occurring on the 13™. Over 60% percent of the eventual evacuees
had left before 6 AM on the 14™. A hurricane watch was issued for Broward at 5 AM on
the 13", and at 11 AM for Dade. A warning was issued for both at 5 PM on the 13",
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and
motels (Table 12). Only three percent of those interviewed from category 1 surge areas
said they went to public shelters. The figures were higher for evacuees from other surge
areas and lower for those from non-surge areas, but both of those statistics are unreliable

due to the small number of evacuees interviewed from those locations.

Table 12. Refuges Uses by Evacuees

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-Surge

N=60 N=23 N=16
Public Shelter 3 17 0
Church 0 0 6
Friend/Relative 73 70 81
Hotel/Motel 15 9 6
Workplace 2 0 6
Other 7 4 0
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Evacuation Destinations and Transportation Issues

Most evacuees stayed in their own county (Table 13). The great majority of those who

left their county went elsewhere in Florida (Table 14). Some evacuees went up the

eastern seaboard or to the Midwest.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non-
Surge Zone Surge Zones Surge
N=66 N=16 N=16

Own Neighborhood | 17 44 19

Own County 52 56 44

Out of County 32 0 38

Table 14. Percent of out-of-county evacuees, by state destination

Florida

88

Georgia

3

South Carolina

North Carolina

Virginia

Alabama

Tennessee

Other
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Those who went out-of-county did so mainly because they had friends or relatives in

those locations (Table 15). Information from government, friends, and the media all had

some effect on where evacuees went (Table 16), but sample sizes were very small.

I-11



Table 15. Why Went Out of County

Cat 1 Other Coastal County
Surge Zone Surge Zone Non-surge
N=26 N=7 N=6
Strength of Storm | 19 29 17
Previous  Hurri- | 14 0 0
cane Experience
Comparisons to | 5 0 0
Hugo/Andrew
Officials Said | 0 0 0
Leave County
Media Said Leave | 0 0 0
County
Friend Said Leave | 5 14 17
County
Friend Lives in |67 71 50
Destination
No Public Shelter | 0 0 0
Closer
No Motels Closer | 10 0
Other 0 29 17
Don’t Know 5 0

Table 16. Greatest Influence for Going Out of County

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=20 N=7 N=6

Media Info from | 30 43 17

Gov’t Officials

Other Media Info | 30 29 33

Info from Friends | 30 29 50

Other 5 14 0

Don’t Know 5 0 0

Ninety percent of the evacuees from most risk areas eventually reached their destinations
(Table 17). Far too few in our sample changed destinations to draw conclusions about the

nature of the new destinations (Table 18) or reasons for changing (Table 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=22 N=16

Yes 96 77 94

No 5 14 6

Don’t Know 0 9 0

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=3 N=2 N=1
Farther 33 50 100
Closer 67 0 0
Same 0 50 0
Don’t Know 0 0 0
Table 19. Why Changed Destination
Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=3 N=2 N=1
Traffic
Better Route
Loc. of Refuge 33
Out of Gas
Tired
Hungry
Bathroom
Storm Strengthened
Storm Close 33
Other 33 100 100
Don’t Know

Most people said they did not hear about traffic problems on evacuation routes before

leaving home (Table 20). Of those who heard about such problems before leaving home,

no one said they changed their evacuation route plans (Table 21).

1-13




Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=67 N=22 N=16

Yes 31 18 25

No 67 82 75

Don’t Know 2 0 0

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=21 N=4 N=4

Yes 0 0 0

No 100 100 100

Those who said they had heard about evacuation problems before leaving home were also
asked whether they heard about such problems after leaving home. About half said they
did (Table 22), but only one respondent changed route plans accordingly (Table 23). The

sample is too small for meaningful conclusions.

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County
Surge Zone Surge Zone Non-surge
N=21 N=4 N=4

Yes 48 50 100

No 52 50 0

Don’t Know 0 0 0

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=10 N=2 N=4

Yes 10 0 0

No 90 100 100

About half of the evacuees used interstate highways for at least part of their evacuation
(Table 24). Those who used interstates in Floyd were inclined to use them again (Table
25). (There were no questions specifically about Florida’s Turnpike.) The great majority

of the respondents said they were familiar with the roads in the area through which they
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evacuated (Table 26). More than two-thirds also said they would be willing to use a
different route than they would normally use if government officials urged them to do so

to avoid congestion, even if the route took them out of their way (Table 27).

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=67 N=22 N=16

Yes 46 50 38

No 51 46 63

Don’t Know 3 4 0

Table 25. Routes to be Used in the Future

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=31 N=11 N=6
Interstate 58 46 83
Secondary Roads 7 27 0
Both 10 9 0
Depends on Traffic | 16 9 0
Depends on Other | 3 0 17
Other 0 0 0
Don’t Know 7 9 0
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=22 N=16
Yes 88 96 88
No 9 5 13
Don’t Know 3 0 0
Table 27. Would Use Routes Advised by Officials, Even if Longer
Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=22 N=16
Yes 77 68 75
No 6 5 19
Depends How | 3 9 6
Much Longer
Depends on Other | 5 9 0
Other 2 0 0
Don’t Know 8 9 0
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More than three-fourth’s of the respondents said it took them less than two hours to reach
their destination (Table 28). Still, times were slightly longer than expected (Table 29).
When asked how long it was reasonable for an evacuation like Floyd’s to take, most

respondents gave times shorter than the actual evacuation but slightly longer than their

original expectation (Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=20 N=16

Less than 2 86 75 88

2to5 11 15 6

5t0 10 2 10 6

10 or more 2 0 0

Mean No. Hrs 1.3 1.6 1.0

Median No. Hrs .5 .5 .5

Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=64 N=19 N=16

Less than 2 89 84 94

2to5 9 11 6

5to 10 0 5 0

10 or more 2 0 0

Mean No. Hrs 1.2 1.4 .9

Median No. Hrs .5 .5 5

Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=61 N=81 N=16

Less than 2 87 81 94

2to5 10 13 0

5to 10 2 6 6

10 or more 2 0 0

Mean No. Hrs 1.4 1.3 .5

Median No. Hrs .5 .5 5

Of those who ventured an opinion, most people thought traffic delays were caused mainly

by the sheer volume of traffic and the fact that too many people left at once (Table 31).
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No one cited poor traffic management or advocated reversing lane directions. More than
80% of the respondents said they would be willing to cooperate in a phased evacuation in
which they would delay their departure for a few hours until people in a more dangerous

location had begun their evacuation (Table 32).

Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=21 N=16

Number of Cars 15 33 25

All Left at Once 24 24 25

Waited too Long | 8 0 19

Construction 2 5 6

Accidents 3 5 0

Poor Traffic | O 0 0

Management

Need Reverse | 0 0 0

Lanes

Bad Weather 3 10 0

Other 18 33 13

Don’t Know 46 24 31

Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=201 N=204 N=205

Yes 79 84 86

Depends on |5 3 3

Storm’s Proximity

Depends on | 2 1 2

Storm’s Strength

Other 1 1 0

Don’t Know 5 3 5

No 10 8 4

Very few evacuees not cited specific difficulties experienced during the evacuation
(Table 33). Fewer than half of the evacuees said they heard about places where they
could find shelter if they weren’t able to reach their destinations (Table 34), and few of

those who did hear such announcements changed their plans about seeking shelter as a
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result (Table 35). A small number of interviewees reported roads being blocked by water

or having other difficulties when returning from the evacuation (Table 36).

Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=67 N=22 N=16

Ran Out of Gas 4

Car Broke Down | 2

Needed Water

Needed Food

Needed Restroom | 2

Other Difficulties | 2

No Difficulties 96 96 100

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=22 N=16

Yes 36 50 38

No 58 50 63

Don’t Know 6 0 0

Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=23 N=10 N=6

Yes 4 10 0

No 96 90 100
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Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=67 N=21 N=16
Lack of | 0 0 0
Information
Roads Blocked by | 8 5 0
Water/Debris
Traffic Congested | 2 0 6
Re-entry Not | 2 0 0
Permitted
Other Difficulties | 3 0 0
No Difficulties 88 95 100

Vehicle use was similar to that in most evacuations, in which 65% to 75% of the

available vehicles are used (Table 37).

Few households required assistance in

evacuating, and in most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=66 N=21 N=16

Percent of | 66 58 70

Available

Avg. Number Per | 1.08 1.0 1.0

Household

Pulled Trailer, | 1.7 0 0

Took Motorhome

Table 38. Required Assistance in Eva

cuating (As a Perc

ent of All Households)

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=67 N=22 N=16

Yes, Within | 5 0 0

Household

Yes, Friend/ | 5 0 0

Relative

Yes, Agency 0 4 0

No 90 96 100

Local television was relied upon most heavily by the respondents for information about
Floyd, followed by The Weather Channel (Table 39). Local radio was the third most

relied-upon source of information. Less than 10% relied a great deal on the internet or

on-line services.
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Table 39. Sources Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=200 N=201 N=202

Local Radio 31 30 34

Local Television | 85 88 84

CNN 23 21 25

Weather Channel | 55 38 37

Other Cable 3 9 5

Internet 6 4 4

AOL 4 1 3

Word of Mouth 15 10 6

Most respondents in the sample said they wouldn’t do anything differently if faced with
the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Some would plan to leave earlier, and others said they would

prepare better by taking provisions such as food and water.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County
Surge Zone Surge Zones Non-surge
N=201 N=203 N=204
Would Leave 7 6 4
Wouldn’t Leave 8 3 6
Leave Earlier 5 3 1
Leave Later 0 1 1
Go Farther 1 1 0
Go Closer 1 3 0
Use Public Shelter 2 3 1
Not Use Pub Shltr 0 2 0
Different Route 1 0 0
Buy Gasoline 2 1 1
Take Provisions 4 3 3
Other 6 7 7
Don’t Know 6 5 4
Nothing Different 73 76 78
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Chapter 2
Public Response to Hurricane Floyd
In the Treasure Coast Florida Region

Prepared by
Earl J. Baker
Hazards Management Group, Inc.
Survey Method

Approximately 600 telephone interviews were conducted in the Treasure Coast region of
Florida, including the coastal counties of Palm Beach, Martin, St. Lucie, and Indian

River. The sample was stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge

4. 100 interviews in non-coastal counties adjacent to the coastal counties.

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. A copy of the generic questionnaire used in

post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of
the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17

percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
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12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables data refer to percentages of respondents. In response to some
questions respondents could give more than one answer, resulting in totals exceeding

100%.



Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In
the category 1 risk zone, just under 40% evacuated, as did 25% in other surge zones
(Table 1). Slightly less than 25% left from non-surge areas and adjacent non-coastal
counties. Evacuation orders applied only to the category 1 surge zone, plus mobile

homes, meaning that evacuees from other areas were considered “shadow evacuees.”

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=199 N=204 N=99 N=I111
Evacuated 39 25 23 22

Most of the residents who did not evacuate gave the same reason: they felt their home
would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2). No other single reason was prominent in the responses.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=156 N=152 N=76 N=84
House OK for 68 72 75 71
Storm
Officials Said 2 5 4 5
Stay
Media Said 3 4 4 7
Stay
Friends Said 1 1 3 2
Stay
Officials Didn’t 5 9 3 5
Say Leave
Probabilities 15 11 15 12
Low
Other Info. 5 3 4 0
Would Miss
No Transport 1 0 3 0
No Place to Go 2 5 12 1
Protect from 0 1 0 0
Looters
Protect from 3 3 9 2
Storm




Table 2. Why Stayed (Percent of Respondents) continued

Left in Past 6 3 1 4
Miss

Job 7 3 1
Waited Too 1 1 0
Long

Traffic 3 2 4 1
Tried, Gave Up 1 1 0 0
Dangerous on 1 1 1 0
Road

Pets 2 3 3 0
Required 0 0 0 2
Medical Care

Other 9 7 8 4
Don’t Know 2 7 1 1

Jobs were mentioned by some, and respondents were asked specifically whether anyone

in their household had to work during Floyd and how that affected their evacuation

(Tables 3, 4). At least a fourth said someone in the household had to work, and some

(but not most) said it either prevented part of the household from evacuating or delayed

their departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=200 N=205 N=100 N=36
Yes 28 29 29 36
No 72 71 71 64
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=55 N=60 N=29 N=39
None 84 77 86 87
Kept All from 4 3 10 5
Leaving
Kept Part from 4 2 0 0
Leaving
Delayed All in 7 8 0 5
Leaving
Delayed Part in 2 5 0 3
Leaving
Other 0 5 3 0

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and at least half in most risk zones said they

would have (Table 5). Most in surge zones also said they had made the necessary

preparations to leave in case conditions worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=121 N=154 N=76 N=87
Would Have Left 52 54 38 54
Wouldn’t Have Left 38 36 43 28
Don’t Know 10 10 18 18

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=121 N=154 N=76 N=87
Had Prepared 60 60 45 60
Hadn’t Prepared 41 38 53 38
Don’t Know 0 0 3 2

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials, media messages, and concern

about storm conditions (Table 7.)
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Table 7. Why Left (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=123 N=49 N=20 N=24
Officials Said 26 12 15 4
Leave
NWS Said 11 22 0 0
Leave
Police/Fire Said 16 0 5 0
Leave
Media Said 15 27 10 13
Leave
Friend Said 12 18 20 13
Leave
Storm Severe 26 35 30 42
Heard “Bad as 9 0 15 13
Hugo/Andrew”
Increased in 1 2 0 4
Strength
Concerned 12 6 5 8
about Flooding
Concerned 17 8 15 25
about Winds
Concerned re. 4 0 0 0
Road Flooding
Probability of 7 14 20 21
Hit
Post-Storm 7 14 20 21
Concerns
Other 0 2 5 4
Don’t Know 0 0 0 0

In an attempt to separate the effect of messages disseminated by government officials via
the media from the effect of other information heard via the media, respondents were
asked which had the greater impact on their decision to evacuate. Information from
officials had the greater impact in the category 1 surge zone, but not in other areas,

according to respondents (Table 8).
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Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=76 N=48 N=20 N=24
Media Info from 51 42 35 21
Gov’t Officials
Other Media Info 36 38 40 46
Info from Friends 21 17 25 32
Other 11 6 10 0
Don’t Know 0 2 0 0

Interviewees were also asked whether they heard from officials — either directly or

indirectly — that they should evacuate. Even in the category 1 risk area only 35% said

they did (Table 9). Those who did hear evacuation notices were more likely than others

to evacuate, particularly if they believed the notice to be mandatory (Table 10).

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=199 N=204 N=100 N=111
Heard Notice 35 17 11 10
Didn’t Hear 62 80 85 89
Don’t Know 3 3 4 1

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample sizes vary by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 66 46 75 78
Heard Should 32 37 30 46
Didn’t Hear 26 20 18 17
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In none of the four risk areas did a majority of respondents believe they would be unsafe

in a 125 MPH hurricane in their own homes (Table 11a). In all four risk zones people

who perceived their homes to be vulnerable were more likely than others to evacuate in

Floyd (Table 11Db).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=199 N=204 N=100 N=111
Safe 45 49 59 42
Unsafe 42 39 28 48
Don’t Know 13 12 13 10

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 23 14 17 11
Unsafe 50 40 36 34
Don’t Know 54 20 23 9
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Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 13™ and 14" with
the most of the evacuation occurring on the 13™. By the end of the 13" more than 60% of
the evacuees had left. A hurricane watch was issued for the area at 5 AM on the 13",

followed by a warning at 5 PM later that same day.
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Use of Public Shelters and Other Refuges

The majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12).

interviewed say they went to public shelters.

Table 12. Refuges Uses by Evacuees

Only in “other surge” areas did more than five percent of those

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties

N=76 N=48 N=20 N=24
Public Shelter 1 8 0 4
Church 0 2 0 0
Friend/Relative 59 56 80 63
Hotel/Motel 34 25 20 21
Workplace 3 6 0 0
Other 3 2 0 12
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Evacuation Destinations and Transportation Issues

Approximately half of the evacuees left their own county, most going elsewhere in

Florida (Tables 13, 14). Five percent went into Georgia.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=79 N=49 N=20 N=24
Own Neighborhood 23 18 25 19
Own County 25 31 25 13
Out of County 52 51 50 46

Table 14. Percent of out-of-county evacuees, by state destination

Florida

93

Georgia

South Carolina

North Carolina

Virginia

Alabama

Tennessee

Other

— OO ||~ ||

Going out of county was motivated by three main factors: the strength of the storm, the

location of friends and family, and the lack of closer motels (Table 15). The relative

influence of public officials and media varied by risk zone (Table 16), although the

patterns in the non-surge areas are not significant due to the small number of respondents

in those areas answering the question.




Table 15. Why Went Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=40 N=25 N=10 N=10
Strength of Storm 33 32 30 40
Previous Hurri- 8 0 10 10
cane Experience
Comparisons to 8 0 0 0
Hugo/Andrew
Officials Said 0 4 0 0
Leave County
Media Said Leave 5 4 0 10
County
Friend Said Leave 13 8 10 0
County
Friend Lives in 35 52 50 60
Destination
No Public Shelter 3 0 0 10
Closer
No Motels Closer 20 8 0 20
Other 18 8 10 0
Don’t Know 0 0 0 0

Table 16. Greatest Influence for Going Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=41 N=25 N=10 N=10
Media Info from 29 40 10 20
Gov’t Officials
Other Media Info 39 28 60 50
Info from Friends 24 32 40 20
Other 12 4 20 10
Don’t Know 10 8 0 0

Over 90% of the evacuees from most risk areas eventually reached their destinations
(Table 17). Descriptions of the new destinations and reasons for changing are not

meaningful due to the very small samples (Tables 18, 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=81 N=49 N=20 N=24
Yes 95 98 95 92
No 5 2 5 8
Don’t Know 0 0 0 0

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=4 N=1 N=1 N=2
Farther 75 100 100
Closer 25 0 0 100
Same 0 0 0 0
Don’t Know 0 0 0 0
Table 19. Why Changed Destination
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=3 N=1 N=1 N=2
Traffic 33
Better Route
Loc. of Refuge 33
Out of Gas
Tired
Hungry
Bathroom
Storm Strengthened
Storm Close
Other 33 100 100 100
Don’t Know

Most people said they did not hear about traffic problems on evacuation routes before

leaving home (Table 20). Of those who heard about such problems before leaving home,

most did not change their evacuation route plans (Table 21), but there were few

respondents who were asked the question.
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=79 N=50 N=20 N=24
Yes 15 24 20 29
No 81 74 80 71
Don’t Know 4 2 0 0

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=12 N=11 N=4 N=7
Yes 25 9 50 14
No 75 91 50 86

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home, and if so, whether

they changed their route (Tables 22, 23). When disaggregated by risk area, there were too

few observations to be useful.

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=12 N=12 N=4 N=7
Yes 0 58 50 29
No 92 42 50 57
Don’t Know 8 0 0 14

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=0 N=7 N=2 N=2
Yes 14 100 0
No 86 0 100

Most evacuees did not use interstate highways for even part of their evacuation (Table

24). Those who used interstates in Floyd were inclined to use them again (Table 25).

(Interviewees were not asked specifically about Florida’s Turnpike.) The great majority

of the respondents said they were familiar with the roads in the area through which they

evacuated (Table 26). More than three-fourths also said they would be willing to use a
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different route than they would normally use if government officials urged them to do so

to avoid congestion, even if the route took them out of their way (Table 27).

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=79 N=50 N=20 N=24
Yes 37 32 45 25
No 62 66 55 71
Don’t Know 1 2 0 4
Table 25. Routes to be Used in the Future

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=29 N=16 N=9 =6

Interstate 69 88 67 83
Secondary Roads 10 6 0 17
Both 10 6 11 0
Depends on Traffic 10 0 0 0
Depends on Other 0 0 11 0
Other 0 0 11 0
Don’t Know 0 0 0 0
Table 26. Familiar with Roads in Area

Cat 1 Other Coastal County Non-coastal

Surge Zone Surge Zones Non-surge Counties

N=79 N=50 N=20 N=24
Yes 91 92 90 92
No 8 4 10 4
Don’t Know 1 4 0 4

Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=79 N=50 N=20 N=24
Yes 80 84 65 75
No 4 4 15 21
Depends How 3 0 0 0
Much Longer
Depends on Other 13 10 15 0
Other 0 2 0 0
Don’t Know 1 0 5 4
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More than half the respondents said it took them less than two hours to reach their

destination (Table 28). Still, times were slightly longer than expected (Table 29). When

asked how long it was reasonable for an evacuation like Floyd’s to take, most

respondents gave times shorter than the actual evacuation but slightly longer than their

original expectation (Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=77 N=48 N=20 N=23
Less than 2 64 71 70 83
2to5 29 23 15 13
5to 10 4 15 0
10 or more 1 2 0 4
Mean No. Hrs 2.5 1.9 2.0 1.8
Median No. Hrs 1.0 5 5 5

Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=77 N=48 N=20 N=24
Less than 2 69 71 70 83
2to5 27 25 20 13
5to0 10 3 2 10 4
10 or more 1 2 0 0
Mean No. Hrs 2.2 5 1.8 1.6
Median No. Hrs 1.0 5 5 5

Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=74 N=48 N=20 N=23
Less than 2 66 69 65 83
2to5 28 25 15 13
5t0 10 4 6 20 0
10 or more | 0 0 4
Mean No. Hrs 24 5 23 1.8
Median No. Hrs 1.0 5 5 5

Of those who offered an opinion, most people thought the traffic delays were caused

mainly by the sheer volume of traffic and the fact that too many people left at once
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(Table 31). Some also cited poor traffic management. More than 80% of the respondents
said they would be willing to cooperate in a phased evacuation in which they would delay
their departure for a few hours until people in a more dangerous location had begun their

evacuation (Table 32).

Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=78 N=49 N=20 N=24
Number of Cars 35 16 45 17
All Left at Once 32 25 20 17
Waited too Long 13 10 10 4
Construction 0 2 0 0
Accidents 1 8 0 0
Poor Traffic 4 10 0 13
Management
Need Reverse 1 0 0 0
Lanes
Bad Weather 1 6 0 0
Other 5 12 25 13
Don’t Know 41 39 30 54

Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=200 N=204 N=100 N=110
Yes 89 88 86 86
Depends on 2 2 4 1
Storm’s Proximity
Depends on 2 2 3 4
Storm’s Strength
Other 0 1 0 0
Don’t Know 4 3 3 4
No 4 4 4 6

Few evacuees cited specific difficulties experienced during the evacuation. Needing
restroom facilities was most common (Table 33). Most evacuees said they didn’t hear
announcements about places where they could find shelter if they weren’t able to reach

their destinations (Table 34). No one who did hear announcements said they changed
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plans about seeking shelter as a result (Table 35). Most evacuees reported no problems

returning home after the evacuation (Table 36).

Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=79 N=50 N=20 N=24

Ran Out of Gas

Car Broke Down 1

Needed Water

Needed Food 2

Needed Restroom 3 2

Other Difficulties

No Difficulties 96 98 100 100

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=79 N=50 N=19 N=24
Yes 33 32 16 33
No 60 68 84 67
Don’t Know 6 0 0 0

Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=25 N=16 N=3 N=8
Yes 0 0 0 0
No 100 100 100 100

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=79 N=50 N=20 N=24
Lack of 0 0 0 0
Information
Roads Blocked by 1 0 5 0
Water/Debris
Traffic Congested 15 8 10 0
Re-entry Not 1 0 0 0
Permitted
Other Difficulties 0 2 0 0
No Difficulties 82 90 85 100
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Vehicle use was typical of most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). Few households required assistance in evacuating, and in

most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=78 N=50 N=20 N=24
Percent of 63 64 66 57
Available
Avg. Number Per 1.15 1.14 1.05 1.17
Household
Pulled Trailer, 39 2.0 0 4.2
Took Motorhome

Table 38. Required Assistance in Evacuating (As a Percent of All Households)

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=79 N=50 N=20 N=24
Yes, Within 3 6 0 0
Household
Yes, Friend/ 3 0 0 0
Relative
Yes, Agency 3 0 0 4
No 91 94 100 96

Local television was relied upon most heavily by the respondents for information about

Floyd, followed by The Weather Channel (Table 39). Local radio and CNN were the

next most relied-upon sources of information.

Table 39. Sources Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=197 N=203 N=99 N=109

Local Radio 21 24 19 19
Local Television 73 73 69 86
CNN 24 18 21 27
Weather Channel 55 46 54 54
Other Cable 10 4 7 9

Internet 7 4 2 6

AOL 5 1 1 1

Word of Mouth 8 6 3 10
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Most respondents in the sample said they wouldn’t do anything differently if faced with

the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Some would plan to leave earlier.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=199 N=205 N=100 N=110
Would Leave 3 6 3 6
Wouldn’t Leave 8 2 1 8
Leave Earlier 7 5 4 9
Leave Later 1 1 0 2
Go Farther 1 1 1 2
Go Closer 2 1 0 0
Use Public Shelter 1 1 0 0
Not Use Pub Shltr 1 0 0 1
Different Route 1 0 0 0
Buy Gasoline 0 2 0 0
Take Provisions 2 2 0 3
Other 4 6 5 0
Don’t Know 6 2 2 2
Nothing Different 70 76 87 72
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Chapter 3
Public Response to Hurricane Floyd
In East-Central Florida

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in the East-Central Florida

region, including the coastal counties of Volusia and Brevard. The sample was stratified

as follows:
1. 200 interviews in areas at risk to storm surge in category 1 hurricanes
2. 200 interviews in areas at risk to storm surge in stronger hurricanes
3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge
4. 100 interviews in non-coastal counties adjacent to Volusia and Brevard.

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. A copy of the generic questionnaire used in

post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of
the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17

percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
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12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables data refer to percentages of respondents. In response to some
questions respondents could give more than one answer, resulting in totals exceeding

100%.



Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In

the category 1 risk zone, 74% evacuated, as did slightly more than half in other surge

zones and 42% from non-surge areas of the coastal counties (Table 1). Only residents of

the category 1 surge zone, plus mobile homes, were ordered by officials to evacuate.

Others were considered “shadow” evacuees.

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=204 N=201 N=100 N=100
Evacuated 74 52 42 12

Most of the residents who did not evacuate gave the same reason: they felt their home

would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2). No other single reason was prominent in the responses.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=49 N=94 N=56 N=88
House OK for 59 63 66 61
Storm
Officials Said 6 1 4 16
Stay
Media Said 4 1 4 9
Stay
Friends Said 2 4 4 2
Stay
Officials Didn’t 8 7 4 10
Say Leave
Probabilities 6 10 11 24
Low
Other Info. 2 1 2 7
Would Miss
No Transport 4 4 0 0
No Place to Go 8 0 2 1
Protect from 0 1 0 0
Looters




Table 2. Why Stayed (Percent of Respondents) continued

Protect from 0 3 0 1
Storm

Left in Past 2 3 4 5
Miss

Job 8 4 2 5
Waited Too 2 2 0 0
Long

Traffic 10 5 2 0
Tried, Gave Up 0 4 0 1
Dangerous on 4 2 0 0
Road

Pets 4 6 4 2
Required 0 2 0 0
Medical Care

Other 16 10 20 7
Don’t Know 2 4 4 0

Jobs were mentioned by some, and respondents were asked specifically whether anyone

in their household had to work during Floyd and how that affected their evacuation

(Tables 3, 4). At least a fifth said someone in the household had to work, and some (but

not most) said it either prevented part of the household from evacuating or delayed their

departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=201 N=101 N=100
Yes 18 20 28 41
No 82 80 72 59
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=36 N=39 N=28 N=41
None 56 72 79 85
Kept All from 6 0 0 0
Leaving
Kept Part from 0 0 0 0
Leaving
Delayed All in 36 28 14 12
Leaving
Delayed Part in 0 0 0 0
Leaving
Other 3 0 7 2

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and half or more said they would have (Table 5).

Most in coastal counties also said they had made the necessary preparations to leave in

case conditions worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=53 N=96 N=58 N=88
Would Have Left 60 64 48 52
Wouldn’t Have Left 36 32 41 26
Don’t Know 4 4 10 22

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=53 N=96 N=58 N=88
Had Prepared 62 65 55 49
Hadn’t Prepared 38 34 41 51
Don’t Know 0 1 3 0

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials, media messages, and concern

about storm conditions (Table 7.)
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Table 7. Why Left (Percent of Res

ondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=146 N=102 N=40 N=12
Officials Said 35 19 10 42
Leave
NWS Said 31 31 23 8
Leave
Police/Fire Said 7 2 0 8
Leave
Media Said 21 22 20 17
Leave
Friend Said 10 20 18 17
Leave
Storm Severe 28 29 33 8
Heard “Bad as 6 3 lo 0
Hugo/Andrew”
Increased in 6 4 5 0
Strength
Concerned 6 9 3 8
about Flooding
Concerned 13 26 28 42
about Winds
Concerned re. 1 0 0 0
Road Flooding
Probability of 18 8 23 0
Hit
Post-Storm 1 0 0 0
Concerns
Other 9 12 15 25
Don’t Know 1 1 0 0

In an attempt to separate the effect of messages disseminated by government officials via

the media from the effect of other information heard via the media, respondents were

asked which had the greater impact on their decision to evacuate. Officials and the media

had comparable effects in category 1 areas, but in other risk zones officials had the

greater impact (Table 8).
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Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=148 N=103 N=39 N=12

Media Info from 51 55 46 58
Gov’t Officials

Other Media Info 47 35 31 25
Info from Friends 18 18 26 33
Other 4 6 5 0
Don’t Know 0 2 3 0

Interviewees were also asked whether they heard from officials — either directly or

indirectly — that they should evacuate. Only in the category 1 risk area did a majority say

they did (Table 9). Those who did hear evacuation notices were more likely than others

to evacuate, particularly if they believed the notice to be mandatory (Table 10).

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=201 N=201 N=101 N=100
Heard Notice 58 33 21 11
Didn’t Hear 37 62 76 89
Don’t Know 5 5 3 1

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample sizes vary by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 95 94 63 100
Heard Should 76 59 69 43
Didn’t Hear 55 39 34 6
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Most people in surge areas believe their homes would not be safe in a 125 MPH

hurricane (Table 11a), but the majorities are fairly small. Over 40% of the residents in

non-surge areas believe their homes would be unsafe also. In all four risk zones people

who perceived their homes to be vulnerable were substantially more likely than others to

evacuate (Table 11b).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=201 N=201 N=101 N=100
Safe 24 32 42 42
Unsafe 62 54 44 47
Don’t Know 15 13 14 11

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 51 31 29 2
Unsafe 82 62 52 19
Don’t Know 73 59 43 18
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Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 13 and 14, with
the evacuation almost evenly divided between the two days. By the end of the 13
almost half the evacuees had left. A hurricane watch was issued for the area at 5 AM on

the 13", followed by a warning at 5 PM later that same day.
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). Five percent or fewer of those interviewed said they went to public

shelters.

Table 12. Refuges Uses by Evacuees

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=149 N=101 N=40 N=10
Public Shelter 4 5 0 0
Church 0 4 0 0
Friend/Relative 56 53 70 50
Hotel/Motel 36 28 28 40
Workplace 1 1 0 0
Other 4 10 3 10
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Evacuation Destinations and Transportation Issues

Most coastal county evacuees left their own county, going elsewhere in Florida (Tables

13, 14). Ten percent went into Georgia.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=146 N=103 N=41 N=11
Own Neighborhood 3 10 7 27
Own County 2 10 12 45
Out of County 77 80 80 27

Table 14. Percent of out-of-county evacuees, by state destination

Florida 84
Georgia 10
South Carolina 1
North Carolina 1
Virginia <1
Alabama 3
Tennessee <1
Other <1

Going out of county was motivated by three main factors: the strength of the storm, the

location of friends and family, and the lack of closer motels (Table 15). In category 1

surge areas information from government officials conveyed by the media had about the

same influence as other media information (Table 16). Outside the category 1 surge

areas government information had a greater influence.




Table 15. Why Went Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties

N=110 N=81 N=33 N=3
Strength of Storm 46 28 42 33
Previous Hurri- 12 6 6 0
cane Experience
Comparisons to 5 0 3 0
Hugo/Andrew
Officials Said 5 0 6 0
Leave County
Media Said Leave 6 3 3 0
County
Friend Said Leave 12 10 12 0
County
Friend Lives in 41 37 39 67
Destination
No Public Shelter 1 10 3 0
Closer
No Motels Closer 17 37 12 33
Other 7 9 9 0
Don’t Know 0 0 0 0

Table 16. Greatest Influence for Going Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=110 N=81 N=33 N=3

Media Info from 36 41 49 67
Gov’t Officials

Other Media Info 37 27 27 0
Info from Friends 29 28 24 33
Other 7 14 12 0
Don’t Know 2 0 0 0

Over 75% percent of the evacuees from most risk areas eventually reached their
destinations (Table 17). Of those who changed destinations, most went someplace farther
than anticipated (Table 18). Traffic, refuge location, and fatigue were the main reasons

for changing destinations (Table 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=41 N=I11
Yes 84 75 90 100
No 16 22 7 0
Don’t Know 0 3 2 0

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=23 N=24 N=2 N=0

Farther 56 54 50

Closer 39 38 50

Same 4 0 0

Don’t Know 0 8 0

Table 19. Why Changed Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=22 N=23 N=2 N=0

Traffic 18 26 50

Better Route 0 0 0

Loc. of Refuge 50 57 0

Out of Gas 0 0 0

Tired 14 4 0

Hungry 0 0 0

Bathroom 5 0 0

Storm Strengthened 0 0 0

Storm Close 5 0 0

Other 27 17 50

Don’t Know 0 9 0

Most people said they did not hear about traffic problems on evacuation routes before

leaving home (Table 20). Of those who heard about such problems before leaving home,

most did not change their evacuation route plans (Table 21).
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=42 N=11
Yes 37 37 29 27
No 61 59 69 64
Don’t Know 2 4 2 9

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=55 N=38 N=12 N=3
Yes 22 21 17 0
No 78 79 83 100

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home. About half said they

did, but responses varied among risk areas (Table 22).

changed their route plans accordingly (Table 23).

Fewer than a third of those

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=54 N=38 N=12 N=3
Yes 51 55 67 67
No 46 45 33 33
Don’t Know 2 0 0 0

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=28 N=21 N=8 N=2
Yes 29 14 25 0
No 71 86 75 100
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Most coastal evacuees used interstate highways for at least part of their evacuation (Table

24). Those who used interstates in Floyd were inclined to use them again (Table 25).

The great majority of the respondents said they were familiar with the roads in the area

through which they evacuated (Table 26). More than 80% also said they would be willing

to use a different route than they would normally use if government officials urged them

to do so to avoid congestion, even if the route took them out of their way (Table 27).

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=42 N=11
Yes 57 61 64 36
No 41 39 36 64
Don’t Know 1 0 0 0
Table 25. Routes to be Used in the Future
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=86 N=62 N=27 N=4
Interstate 67 57 82 100
Secondary Roads 13 21 11 0
Both 6 8 4 0
Depends on Traffic 6 8 0 0
Depends on Other 4 5 4 0
Other 1 2 0 0
Don’t Know 4 0 0 0
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=42 N=11
Yes 77 80 88 82
No 17 19 12 18
Don’t Know 7 1 0 0
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Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=149 N=103 N=41 N=I11
Yes 80 85 83 100
No 8 6 7 0
Depends How 1 1 2 0
Much Longer
Depends on Other 8 5 5 0
Other 1 0 0 0
Don’t Know 2 3 2 0

Fewer than half the respondents said it took them five or more hours to reach their

destination (Table 28). Still, times were longer than expected (Table 29). When asked

how long it was reasonable for an evacuation like Floyd’s to take, most respondents gave

times shorter than the actual evacuation but slightly longer than their original expectation

(Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=142 N=100 N=41 N=12
Less than 2 55 36 37 83
2to5 30 17 34 8
5to 10 13 30 22 8
10 or more 2 17 7 0
Mean No. Hrs 2.9 5.9 4.5 1.5
Median No. Hrs 2.0 5.0 3.5 5

Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=95 N=41 N=11
Less than 2 74 47 51 91
2t05 22 32 39 9
5t0 10 4 20 10 0
10 or more 0 1 0 0
Mean No. Hrs 1.8 3.2 2.7 9
Median No. Hrs 1.5 2.5 2.0 5
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Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=124 N=92 N=38 N=11
Less than 2 60 38 37 91
2to5 36 39 37 9
5to0 10 4 22 21 0
10 or more 0 1 5 0
Mean No. Hrs 2.3 3.7 3.7 8
Median No. Hrs 2.0 3.3 3.0 5

Most people thought the traffic delays were caused mainly by the sheer volume of traffic

and the fact that too many people left at once (Table 31). Some also cited poor traffic

management, and a few advocated reversing lane directions. More than 80% of the

respondents said they would be willing to cooperate in a phased evacuation in which they

would delay their departure for a few hours until people in a more dangerous location had

begun their evacuation (Table 32).

Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=42 N=11
Number of Cars 50 46 60 27
All Left at Once 48 45 50 27
Waited too Long 17 11 19 9
Construction 1 6 0 0
Accidents 1 4 7 9
Poor Traffic 13 24 17 9
Management
Need Reverse 7 8 0 0
Lanes
Bad Weather 1 12 2 0
Other 15 0 10 18
Don’t Know 18 19 19 46
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Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=201 N=101 N=100
Yes 89 86 84 86
Depends on 3 2 4 1
Storm’s Proximity
Depends on 1 3 2 1
Storm’s Strength
Other 1 1 1 2
Don’t Know 3 3 4 4
No 4 6 5 6

Most evacuees did not cite specific difficulties experienced during the evacuation.

Needing restroom facilities was most common, but some needed food and water (Table

33).  More than a third of the evacuees said they heard about places where they could

find shelter if they weren’t able to reach their destinations (Table 34). Almost no one

changed plans about seeking shelter as a result (Table 35). Few interviewees reported

problems when returning from the evacuation (Table 36).

Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=42 N=11
Ran Out of Gas 0 0 2 0
Car Broke Down 3 0 0 0
Needed Water 1 3 0 0
Needed Food 1 5 0 0
Needed Restroom 3 7 10 0
Other Difficulties 1 0 0 0
No Difficulties 92 86 91 100

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=102 N=41 N=11
Yes 44 30 39 36
No 48 65 61 64
Don’t Know 8 5 0 0
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Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=66 N=31 N=15 N=4
Yes 3 0 0 0
No 97 100 100 100

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=42 N=11
Lack of 0 0 0 0
Information
Roads Blocked by 3 5 0 0
Water/Debris
Traffic Congested 19 13 14 9
Re-entry Not 2 0 0 0
Permitted
Other Difficulties 0 2 4 0
No Difficulties 77 83 86 91

Vehicle use was typical of most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). Few households required assistance in evacuating, and in

most instances outside agencies were not required (Table 38).
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Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=148 N=102 N=42 N=11
Percent of 70 68 71 74
Available
Avg. Number Per 1.29 1.21 1.35 1.27
Household
Pulled Trailer, 4.2 7.3 0 9.1
Took Motorhome

Table 38. Required Assistance in Evacuating (As a Percent of All Households)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=150 N=103 N=42 N=11

Yes, Within 4 1 0 0
Household

Yes, Friend/ 1 1 2 9
Relative

Yes, Agency 1 0 0 0

No 95 98 98 91

Local television was relied upon most heavily by the respondents for information about

Floyd, followed by The Weather Channel (Table 39). Local radio and CNN were the

next most relied-upon sources of information.

Table 39. Sources Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=200 N=98 N=100

Local Radio 26 26 24 15
Local Television 72 84 78 86
CNN 23 30 19 17
Weather Channel 55 56 47 39
Other Cable 5 7 5 1

Internet 5 3 5 1

AOL 2 2 4 1

Word of Mouth 9 12 10 11
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Most respondents in the sample said they wouldn’t do anything differently if faced with

the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Some would plan to leave earlier.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=201 N=101 N=100
Would Leave 8 6 7 8
Wouldn’t Leave 7 10 12 3
Leave Earlier 16 13 6 2
Leave Later 2 1 0 4
Go Farther 3 1 0 0
Go Closer 3 2 2 0
Use Public Shelter 1 2 0 1
Not Use Pub Shltr 1 0 0 0
Different Route 2 0 1 0
Buy Gasoline 2 0 0 1
Take Provisions 3 2 0 3
Other 8 7 5 8
Don’t Know 3 2 2 1
Nothing Different 54 63 65 74
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Chapter 3
Behavioral Analysis — Public Response in Floyd

(Prepared by Hazards Management Group)

The narrative below is provided by Hazards Management Group (HMG) for the post Floyd
evacuation assessment and focuses on describing the evacuation behavior of permanent

residents in Florida, Georgia, South Carolina, and North Carolina.

Method

During the months following hurricane Floyd, nearly 7,000 members of the public were
interviewed to document and explain their response in Floyd and to help anticipate their
behavior in future evacuations like Floyd. The sample was divided into 11 clusters of
counties from Dade County, Florida through North Carolina’s Outer Banks, designed to

conform to hurricane planning regions used by the respective states:

1. Eastern North Carolina — the Outer Banks and counties along Albemarle and
Pamlico Sounds

2. Southeastern North Carolina — from the South Carolina border to the Outer

Banks, including Wilimington

Northern South Carolina — including the Myrtle Beach “Grand Strand” area

Central South Carolina — including Charleston and vicinity

Southern South Carolina — including the Beaufort area

Northern Georgia — including Savannah

Southern Georgia — including Brunswick and Camden County

Northeast Florida — including Jacksonville and St. Augustine

A S A o

East-Central Florida — including Daytona Beach and Melbourne
10. Treasure Coast Florida — including Palm Beach and Fort Pierce

11. Southeast Florida — Dade and Broward Counties
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Each of the eleven areas were stratified into four risk areas. The following is a listing of the

four risk areas and the number of interviews conducted in each risk area:

1. Areas which would flood due to storm surge in category 1 hurricanes, in which
200 telephone interviews were conducted

2. Areas which would flood due to storm surge in stronger hurricanes, in which
200 telephone interviews were conducted

3. Areas of coastal counties which would not flood from storm surge in any
hurricane, in which 100 telephone interviews were conducted

4. Non-coastal counties bordering the coastal counties, in which 100 telephone

interviews were conducted.

In southeast Florida, 200 interviews were conducted in the non-surge portion of the coastal
counties rather than including non-coastal counties. In southern Georgia, virtually the entire
coastal counties are subject to storm surge inundation in strong hurricanes, so there was no
identification of non-surge portions of those counties. In eastern North Carolina the Outer
Banks were treated in the design and analysis like the category 1 risk area of other locations,
and areas along the sounds subject to surge inundation were treated as “other surge” areas for

comparison with the other locations.

A generic version of the questionnaire used in the survey is included as an appendix to this
report. Separate detailed reports were prepared for each of the 11 areas, and can be found in
the documentation of the Southeast United States Hurricane Evacuation Study entitled
Technical Memorandum 1 Behavioral Analysis. For conciseness, sample sizes are not
reported in the figures cited in this summary document. Readers should keep in mind that
statistics reported here are based on samples derived from larger populations. For more
information about sample sizes employed for each question in each location and each risk

zone, please refer to the individual area reports.
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Evacuation Timing

Figure 1 is a sample of the “cumulative response curves” derived for each of the 11 areas.
The vertical axis indicates the percentage of total evacuees from a location who had departed
their homes by various times. The four curves show the progression of the evacuation
commencing earlier to the south and gradually moving northward as the forecast track of the
storm and warning areas moved northward. The curves are typical of “two-day” response
curves — i.e., evacuations which take place over a period longer than 24 hours. The
evacuation begins early on the first day, levels off at evening of the first day, then resumes the

following day. Little evacuation began prior to evacuation notices being issued by officials.

Figure 1
Evacuation Timing in Floyd
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Evacuation Participation Rates

There was considerable variation in evacuation rates among the 11 survey areas (Figure’s 2-
5). Evacuation (i.e., leaving one’s home to go someplace safer) was highest in Georgia and
southern South Carolina. In the category 1 zone up to 90% left from the Savannah area, and
numbers were almost as high around Brunswick and Beaufort. Rates dropped off gradually
both north and south, with major dropoffs for the Treasure Coast and southeast Florida and

eastern North Carolina areas.

Figure 2

Participation Rates in Floyd
Cat 1 Surge Zone
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Myrtle Beach SC
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East Central FL
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Southeast FL
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Evacuation was also high in Georgia and in the Beaufort, SC area for people living in areas
subject to surge inundation in storms stronger than category 1, with 75% to 85% leaving from
those areas. Again, the dropoff was gradual in both directions, with more significant
decreases at the ends of the study area. In Florida only category 1 surge areas were ordered to
evacuate. In Georgia and southern South Carolina entire coastal counties were told to

evacuate.
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Figure 3

Participation Rates in Floyd
Surge Zones Outside Cat 1

Eastern NC

Southeastern NC \
Myrtle Beach SC
Charleston SC
Beaufort SC
Savannah GA
Brunswick GA
Northeast FL
East Central FL

Treas. Coast FL B
Southeast FL

10 20 30 40 50 60 70 80 90 100
Percent of Respondents

In the Charleston, Beaufort, and Savannah areas evacuation from non-surge zones was
unusually high. In all three areas all or most of the counties were told to evacuate. Even
away from those locations between 20% and 40% of the non-surge residents left in most
survey areas. These “shadow” evacuees contributed to the number of people on evacuation

routes.
Evacuation in adjacent non-coastal counties was surprisingly high, averaging approximately

25%. In the Charleston vicinity almost half the residents in adjacent non-coastal counties

evacuated their homes.
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Figure 4

Participation Rates in Floyd
Coastal Non-Surge Zone

Eastern NC
Southeastern NC
Myrtle Beach SC

Charleston SC
Beaufort SC
Savannah GA
Brunswick GA
Northeast FL
East Central FL
Treas. Coast FL
Southeast FL

Eastern NC
Southeastern NC
Myrtle Beach SC

Charleston SC
Beaufort SC
Savannah GA
Brunswick GA
Northeast FL
East Central FL
Treas. Coast FL
Southeast FL

10

20 30 40 50 60 70

80

100

90
Percent of Respondents
Figure 5
Participation Rates in Floyd
Adjacent Non-coastal Counties
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Respondents who evacuated were asked why they left, and most said they left because of a
combination of reasons such as evacuation notices from public officials, storm severity, and
recommendations from friends, family, and the media. To sort out the effects of official
information heard via the media and other kinds of information heard through the media,
evacuees were asked which was the main influence on their decision to evacuate. For most
people, information coming from public officials (or which they perceived to be coming from

officials) had the greater effect (Figure 6).

Figure 6

Main Reason for Evacuating
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Except in the two southernmost Florida locations, most people living in category 1 surge areas
said they heard officials call for their evacuation (Figure 7). The highest percentage was only
80%, however, in Charleston. In surge areas beyond the category 1 risk area, only in Georgia

and South Carolina did most people hear evacuation notices from officials (Figure 8).
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Figure 8
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Some residents living in non-surge areas also believed they heard officials say that they
should evacuate (Figure’s 9-10). In Georgia and parts of South Carolina more than 60% of
the non-surge residents of coastal counties said they heard official evacuation notices which
applied to them, and that was probably correct for most. In other states, and in non-coastal

counties, that was probably not correct, except for people living in mobile homes.

Figure 9

Heard Officials Say Evacuate
Coastal County Non-surge Areas
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Hearing, or believing one heard, evacuation notices from public officials had a significant
impact on whether residents evacuated (Figure 11). Within each of the four risk areas, people
who said they heard mandatory evacuation orders from officials were most likely to evacuate,
followed by those who said they heard officials recommend that they should leave, followed
by people who said they didn’t hear from officials that they should leave. It is extremely
important for officials to reach those for whom evacuation notices are intended and to avoid

confusing those for whom they are not intended.
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Figure 10
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One reason there was substantial evacuation from areas not targeted by officials is that many
residents of non-surge areas perceive themselves to be vulnerable in major hurricanes
(Figure’s 12-13). When asked whether their homes would be safe in a 125 MPH hurricane,
20% to 40% of the people living in coastal county non-surge areas believe their homes would
be unsafe from storm surge and waves, and 25% to 60% believe their homes would be unsafe,
considering both wind and water. Even in adjacent non-coastal counties 15% to 35% believe
their homes would experience dangerous flooding from storm surge or waves, and 40% to
nearly 60% believe their homes would be unsafe, considering both wind and water. Although
some of the areas might experience inland flooding from heavy rainfall, and some people live
in mobile homes or substandard construction, most are probably overestimating their

vulnerability.

The importance of the perception is depicted in Figure 14. People who believe their homes
are unsafe are much more likely than others in their same risk area to evacuate. In most
locations people who believe their homes are unsafe are about twice as likely as others to
leave. This is a good thing when applied to people who really need to evacuate, but it can
contribute to overcrowding on evacuation routes and in shelters when applied to people who

could stay home and be safe.

There are various ways to reach the public with evacuation and vulnerability information
during a hurricane threat, but local television and The Weather Channel are the most-relied
upon sources of information in most locations (Figure 15). Eventually the Internet and online
computer services will gain increased importance, but currently less than 10% of coastal

residents say they rely heavily on those sources for hurricane information during a threat.
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Figure 14
Evacuation by Perceived Safety
in 125 MPH Hurricane
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Evacuation Destinations

As indicated earlier, evacuation refers to leaving one’s home to go someplace else. The new
place can be across town or in a different state. Evacuation congestion is made worse when
large numbers of evacuees leave the local area rather than simply going to safe locations

within their own community.

In Floyd, an unusual percentage of evacuees went to destinations outside their own county
(Figure’s 16-19). Among evacuees from category 1 and larger surge zones, as many as 98%
left their own county, and in eight of the eleven study locations more than 70% did so. These
percentages are unusually high, but even in non-surge areas more than half the evacuees went
out-of-county in eight of the ten non-surge locations (there was no sample of non-surge
residents in the south Georgia area). In adjacent non-coastal counties more than half the

evacuees went out of county from half the survey sites.

Evacuees who went to locations outside their own county were asked why they did so. In
some places the answer was obvious. Georgia and some South Carolina locations evacuated
entire coastal counties, so there were no places to go within those counties and still comply
with evacuation notices. Moreover, in those locations residents appear to appreciate the
vulnerability of their counties. In many locations, public shelters are not operated in coastal

counties or even in the next tier of counties inland.

Respondents gave three predominant explanations for going out of county: 1) that was the
location of friends or relatives with whom they could stay, 2) the storm was strong enough so
they wanted to get far away from it, and 3) they had to go as far as they did to find vacant
lodging.

Respondents were asked whether their decision to go out of county was mainly influenced by

information they were hearing from public officials via the media, other information from the

media, or information from friends and relatives. Influences varied among locations, but in
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most places information from public officials had a greater influence than other messages

heard through the media or from friends and relatives.

Figure 16
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Figure 17

Evacuees Going Out of County
Surge Zones Outside Cat 1
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Figure 18

Evacuees Going Out of County
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Figure 19

Evacuees Going Out of County
Adjacent Non-coastal Counties

Eastern NC
Southeastern NC
Myrtle Beach SC

Charleston SC
Beaufort SC ‘ ‘
Savannah GA ‘ ‘
Brunswick GA ‘ ‘
Northeast FL ‘ ‘ |
East Central FL W:Ej
Treas. Coast FL |1 |
Southeast FL

10 20 30 40 50 60 70 80 90 100
Percent of Evacuees
Between 85% and 90% of the evacuees said they reached their original destinations. Of those
who changed plans roughly equal numbers went farther from home and closer to home than
planned. Those going farther mainly did so looking for vacant lodging. Those who went less

far did so mainly because of fatigue.

Few evacuees from other states went to Florida, which is understandable, given the track of
the storm (Figure 20). Georgia, however, received visitors from both Florida and South
Carolina (Figure 21). Thirty percent of the Northeast Florida evacuees went to destinations in
Georgia, and 40% of those leaving Beaufort, SC went into Georgia. Few people from out of
state went to South Carolina, and most evacuees from South Carolina went out of state
(Figure 22). North Carolina received 14% of the Beaufort evacuees, 25% of those leaving
Charleston, and 33% of those from Myrtle Beach (Figure 23).
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Out of County Evacuees to Florida
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Out of County Evacuees to Georgia
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Figure 22

Out of County Evacuees to So. Carolina
Avg. All Zones
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Figure 23

Out of County Evacuees to No. Carolina
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The majority of evacuees went to the homes of friends and relatives, which is common in
most evacuations (Figure 24). Between 20% and 30% in most locations went to hotels and
motels (Figure 25), and fewer than 10% (closer to 5% in most locations) went to public
shelters (Figure 26). The remainder went to a variety of places such as their place of work,

second homes, and churches.

Approximately 40% of the evacuees said they heard announcements concerning the
availability of shelters or refuges after they left home, but fewer than 10% of those who heard

took advantage of the offers.

Figure 24
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Avg. All Zones

Eastern NC
Southeastern NC
Myrtle Beach SC

Charleston SC
Beaufort SC
Savannah GA
Brunswick GA
Northeast FL
East Central FL
Treas. Coast FL
Southeast FL

10 20 30 40 50 60 70 80 90 100
Percent of Evacuees

3-20



Fig 25

Evacuees Going to Hotels/Motels
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Figure 26
Evacuees Going to Public Shelters
Avg. All Zones
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Transportation

Of all the vehicles available to evacuating households, between 65% and 75% were used in

Floyd (Figure 27). The statistic is typical of most evacuations.

Evacuees in Charleston had the longest average travel times -- almost nine hours (Figure 28).
Beaufort and the two Georgia sites also had average travel times exceeding six hours.
Respondents were also asked how long they had expected the evacuation to take, and not
surprisingly, expectations were shorter than reality (Figure 29). In Charleston more than half
of the evacuees said the evacuation took more than five hours longer than they expected, and

in Beaufort and the Georgia locations almost half gave that response.

When asked the reasons for traffic delays, most respondents blamed the large volume of
traffic and too many people leaving at the same time. In most locations fewer than 30%
attributed the delays to poor management. The exception was Charleston, where over 40%

gave that explanation. Some people mentioned the need to reverse lane evacuation routes.

Evacuees were asked whether they would be willing to delay their departure in an evacuation
to let people in areas of greater risk leave first, in order to avoid congestion. Between 80%
and 90% said they would (Figure 30). Whether quite so many actually would cooperate in
that manner, the responses do demonstrate a significant receptivity to the argument if officials

are able to make it with conviction.
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Figure 27
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Fig 28
Mean Hrs to Reach Destination
Avg. All Zones
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Figure 29

Taking > 5 Hrs More than Expected
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Figure 30

Would Delay Leaving If Urged
Avg. All Zones
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Between 35% and 60% of the evacuees said they used interstate highways for a substantial
portion of their evacuation (Figure 31). Those respondents were asked whether they would
use interstates again in the future or use secondary roads. In the area from Jacksonville, FL
through Charleston, SC (where evacuation times were longest), most said they would use
secondary roads, a combination of secondary and interstate, or that it would depend on
circumstances. North and south of those locations (where travel times were shortest) a

majority said they would use interstates in the future.

Between 70% and 90% of the respondents said they were familiar with the road systems in
the areas through which they were evacuating (Figure 32). This implies that evacuees would
be able to take advantage of information about alternative routes if they received the
information. In Floyd between 20% and 55% of the evacuees said they heard announcements
about evacuation route problems before leaving home (Figure 33). Of those hearing the
announcements, approximately 30% changed their plans concerning routes to use in the
evacuation. In most survey locations a majority of evacuees said they heard announcements
once they left home about evacuation route problems (Figure 34). About 25% said they

changed their route choices while underway as a result.

Evacuees appear to be receptive to route announcements, as evidenced by their behavior in
Floyd and also in response to a hypothetical posed in the survey. Respondents were asked
whether they would be willing to use a route other than the one they had planned to use if
urged to do so be officials in order to avoid congestion, even if the alternative route took them
out of their way. More than 70% said they would (Figure 35). The main point is not whether
exactly that many would actually comply with such a recommendation but that so many are at

least inclined to consider it favorably.

3-25



Figure 31
Use of Interstates in Evacuation
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Figure 32
Familiar with Roads
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Figure 33
Heard Road Info Before Leaving Home
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Figure 34

Heard Road Info After Leaving Home
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Figure 35

Would Use Longer Route If Urged
Avg. All Zones
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Next Time

One question asked following Floyd was whether the unpleasant experiences during the
evacuation would deter people from leaving in future hurricane threats. Certainly many
evacuees had bad experiences, but when asked to describe the sorts of difficulties they
endured, most respondents, even in Charleston, reported none, other than aggravation. The
most common complaint was a lack of restroom facilities, followed by food and water. It is
important for public safety officials to recognize the fact that the people who complain about
events by contacting agencies, writing newspapers, and so forth don’t constitute a random

sample of the public.

When asked what they would do differently if faced with a similar hurricane threat in the
future, fewer than 20% of the evacuees in most locations said they would not do so again
(Figure 36). Some of these respondents didn’t need to evacuate in Floyd, so their inclination

to stay in the future is not a negative, and most of those who do need to go can be convinced
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to do so in an actual threat. The most common response when asked what they would do

differently was to leave earlier next time.

Figure 36

Evacuees Who Would Stay Next Time
Avg. All Zones
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Recommendations:

1. Continue to use post storm assessments as the primary tool for providing
behavioral data to the HES process.

2. Run scenarios with higher out-of-county evacuee percentages for strong storm
clearance time calculations.

3. Capitalize on the behavioral finding by HMG that the public is willing to try
phased evacuations and alternative highway routes if instructed by government officials.

4. Hold meetings to discuss ways in which the public’s response/behavior can be
changed through media messages so that highway congestion can be lessened.
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Chapter 4
Public Response to Hurricane Floyd
In Northeast Florida

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in the seven counties of the
Northeast Florida Regional Planning Council (Nassau, Duval, St. Johns, Flagler, Clay,

Putnam, and Baker). The sample was stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge

4. 100 interviews in non-coastal counties.

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. In Flagler the category 1 and 2 evacuation

zones are the same. A copy of the questionnaire is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of

the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17
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percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few

cases responses were invalid.



Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In
the category 1 risk zone, 80% evacuated (Table 1). Emergency management officials in
the largest county, Duval, ordered evacuation for the area east of the intracoastal
waterway, which did not include category 1 risk areas along the St. Johns river in our
sample. That might have accounted for part of the reason the participation rate was no
higher. The “shadow” evacuation in other risk areas (i.e., evacuation from areas not told
by officials to evacuate) was substantial, no doubt accounting for much of the evacuating

traffic.

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-Coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=201 N=100 N=103
Evacuated 80 44 30 24

Most of the residents who did not evacuate gave the same reason: they felt their home
would be safe, given the likely track and strength of the storm (Table 2).  Some
apparently observed the heavy traffic and decided not to leave. Some said they attempted

to evacuate but gave up because of the traffic.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=41 N=103 N=69 N=77
House OK for
Storm 51 55 59 58
Officials Said
Stay 7 4 2 3
Media Said
Stay 3 1
Friends Said
Stay 4 5
Officials Didn’t
Say Leave 7 9 7 7
Probabilities
Low 2 14 15 22




Table 2. Why Stayed (Percent of Respondents) continued

Other Info.

Would Miss 5 14 11
No Place to Go 5 2 3 1

Protect from

Looters 5 2 1

Protect from

Storm 2 4 2 3

Left in Past

Miss 7 6 3

Job 6 7 3

Waited Too

Long 1 2

Traffic 20 13 14 13
Tried, Gave Up 12 4 3 1

Dangerous on

Road 7 2 2

Pets 7 6 2 1

Required

Medical Care 1 3 1

Other 7 15 10 4
Don’t Know 5 6 3

Respondents were asked specifically whether anyone in their household had to work

during Floyd and how that affected their evacuation (Tables 3, 4). At least a fourth said

someone in the household had to work, and some said it either prevented some in the

household from evacuating or delayed their departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=201 N=100 N=105
Yes 26 23 28 35
No 74 77 72 65
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=53 N=43 N=28 N=37
None 40 54 65 60
Kept All from
Leaving 4 5 8 27
Kept Part from
Leaving 13 12 9 3
Delayed All in
Leaving 32 19 17 5
Delayed Part in
Leaving 6 2 5
Other 6 7

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and most said they would have (Table 5). Most

also said they had made the necessary preparations to leave in case conditions worsened

(Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=41 N=111 N=69 N=84
Would Have Left 76 60 61 67
Wouldn’t Have Left 12 26 32 20
Don’t Know 10 13 7 1
Other 2 1 11
Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=41 N=111 N=69 N=83
Had Prepared 83 65 64 71
Hadn’t Prepared 17 34 32 28
Don’t Know 3 1

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials and concern about storm conditions

(Table 7.)
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Table 7. Why Left (Percent of Res

ondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=163 N=87 N=28 N=26
Officials Said
Leave 41 31 13 19
NWS Said
Leave 20 27 4 4
Police/Fire Said
Leave 16 6 4 8
Media Said
Leave 14 20 13 23
Friend Said
Leave 7 15 17 4
Storm Severe 34 32 39 54
Heard “Bad as
Hugo/Andrew” 3 4 8
Increased in
Strength 1 2
Concerned
about Flooding 8 11 9 12
Concerned
about Winds 9 16 22 50
Concerned re.
Road Flooding 1 5 4
Probability of
Hit 14 15 4 19
Post-Storm
Concerns 1 1 9 4
Other 12 16 9 19
Don’t Know 1 1

In an attempt to separate the effect of messages disseminated by government officials via
the media from the effect of other information heard via the media, respondents were
asked which had the greater impact on their decision to evacuate. Information from

officials had the greater impact, according to respondents (Table 8).

4-6




Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=164 N=84 N=26 N=24

Gov’t Officials

Info via Media 58 49 33 63
Other Media Info 33 33 14 21

Info from Friends 14 17 38 4
Other 11 11 24 21
Don’t Know 1

Interviewees were also asked whether they heard from officials — either directly or
indirectly — that they should evacuate. Only in the category 1 risk area did a majority say
they did (Table 9). Those who did hear evacuation notices were more likely than others
to evacuate (Table 10). In the category 1 risk area, 97% of those who said they heard

mandatory evacuation orders evacuated.

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=205 N=201 N=100 N=107
Heard Notice 68 41 25 16
Didn’t Hear 31 57 72 82
Don’t Know 2 2 3 3

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample size varies by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 97 84 60 67
Heard Should 69 50 61 64
Didn’t Hear 59 27 16 14
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A majority of people living in all four risk areas believe they would be unsafe in a 125

MPH hurricane in their own homes (Table 11a).

In all four risk zones people who

perceived their homes to be vulnerable were more likely than others to evacuate (Table

11b).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=203 N=201 N=100 N=103
Safe 18 25 40 27
Unsafe 76 60 50 57
Don’t Know 6 15 10 16

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 72 26 15 10
Unsafe 84 58 44 37
Don’t Know 54 23 10 0
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Evacuation Timing
Evacuation departures were fairly gradual, primarily during September 13 and 14, with

the steepest portion of the response on the 14™. Forty percent of the eventual evacuees
had left by 8 AM on the 14™ A hurricane watch was issued for the area at 11 AM on the
13" followed by a warning at 5 PM later that day.
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). Only in the non-category 1 surge zone did more than five percent of

those interviewed say they went to public shelters.

Table 12. Types of refuge used (percent of evacuees)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=163 N=89 N=24 N=25
Public Shelter 4 9 4 4
Church 1 3 0 4
Friend/Relative 51 47 63 52
Hotel/Motel 32 30 25 24
Workplace 3 2 0 0
Other 10 8 4 16
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Evacuation Destinations and Transportation Issues
Most evacuees left their own county, going elsewhere in Florida, with a third going into

Georgia (Tables 13, 14). The roughly 75% out-of-county evacuation was slightly higher

than normal for the region.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
Own Neighborhood 5 13 11 31
Own County 20 9 15 15
Out of County 75 78 74 54

Table 14. Percent of out-of-county evacuees, by state destination

Florida 55
Georgia 32
South Carolina 1

North Carolina 4

Virginia

Alabama 7

Tennessee <1
Other <1

Going out of county (beyond the surge inundation limits) was motivated by three main

factors: the strength of the storm, the location of friends and family, and the lack of

closer motels (Table 15). Information from government officials conveyed by the media

was a larger influence than other media information (Table 16).




Table 15. Why Went Out of County (

ercent of evacuees)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=121 N=66 N=18 N=14
Strength of Storm 58 35 28 29
Previous Hurri-
cane Experience 3 15 11 14
Comparisons to
Hugo/Andrew 2 3 6 7
Officials Said
Leave County 4 6
Media Said Leave 1
County 5
Friend Said Leave
County 8 11 6
Friend Lives in
Destination 34 35 44 43
No Public Shelter
Closer 10 6
No Motels Closer 36 26 17 43
Other 16 12 22 14
Don’t Know 1 2 14
Table 16. Greatest Influence for Going Out of County
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=122 N=65 N=18 N=14
Media Info from
Gov'’t Officials 51 46 39 71
Other Media Info 23 23 17 21
Info from Friends 22 15 39 7
Other 14 19 17 14
Don’t Know 3 2

At least 75% of the evacuees from most risk areas eventually reached their destinations

(Table 17). Of those who changed destinations, about half went someplace closer than

anticipated and half when farther (Table 18). Traffic was the main reason for changing

destinations (Table 19).
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Table 17. Whether Reached Original Destination (percent)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=163 N=84 N=24 N=27
Yes 78 80 79 56
No 20 19 17 41
Don’t Know 2 1 4 4

Table 18. Proximity of New Destination, Compared to Original Destination (percent)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=33 N=16 N=4 N=11
Farther 52 56 50 46
Closer 46 25 50 54
Same 3 13
Don’t Know 6
Table 19. Why Changed Destination (percent)
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=32 N=17 N=4 N=9
Traffic 47 29 50 67
Loc. of Refuge 31 50 25 56
Out of Gas 6 7
Tired 16 14 11
Bathroom 3
Storm Close 3 14 25
Other 34 25 33
Don’t Know 22

Most people said they did not hear about traffic problems on evacuation routes before

leaving home (Table 20). Of those who heard about such problems before leaving home,

most did not change their evacuation route plans (Table 21).

Table 20. Heard About Evacuation Route Problems Before Leaving Home (percent)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=164 N=85 N=24 N=27
Yes 34 33 58 44
No 64 64 42 52
Don’t Know 2 4 4
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Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=56 N=28 N=14 N=12
Yes 45 39 21 17
No 55 61 79 83
Don’t Know

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home. Two-thirds said they
did (Table 22). About a third of those changed their route plans accordingly (Table 23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=56 N=28 N=14 N=12
Yes 63 68 64 67
No 36 32 36 33
Don’t Know 2

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=35 N=19 N=9 N=8
Yes 37 32 33 25
No 63 68 67 75
Don’t Know

Most evacuees used interstate highways for at least part of their evacuation (Table 24).
Those who used interstates in Floyd gave a mixture of future intentions concerning road
use, but the overall tendency appeared to be flexibility, depending upon the
circumstances (Table 25). More than 75% of the respondents said they were familiar
with the roads in the area through which they evacuated (Table 26). Three-fourths also
said they would be willing to use a different route than they would normally use if

government officials urged them to do so to avoid congestion, even if the route took them
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out of their way (Table 27). Only about 10% said they would be unwilling to comply

with that sort of request by officials.

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=163 N=84 N=24 N=26
Yes 52 45 67 46
No 45 54 33 54
Don’t Know 3 1
Table 25. Routes to be Used in the Future
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=85 N=38 N=16 N=12
Interstate 45 34 44 42
Secondary Roads 26 18 13 17
Both 9 21 13 8
Depends on Traffic 6 13 13 8
Depends on Other 9 8 6 17
Other | 3
Don’t Know 2 3 13 8
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=164 N=85 N=24 N=27
Yes 88 78 79 82
No 10 20 21 19
Don’t Know 2 2
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Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=164 N=85 N=24 N=26

Yes 77 73 67 77

No 9 5 17 8
Depends How

Much Longer 5 5 4 4
Depends on Other 6 14 8 8
Other 2 4
Don’t Know 2 4 4

Almost half the respondents said it took them more than five hours to reach their

destination, and about 15% said it took ten or more hours (Table 28). Only 20% to 30%

expected the evacuation to take more than five hours, and fewer than five percent

expected it to take ten or more (Table 29). When asked how long it was reasonable for

an evacuation like Floyd’s to take, most respondents gave times shorter than the actual

evacuation but slightly longer than their original expectation (Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=157 N=81 N=24 N=24

Less than 2 38 25 25 38
2to5 21 36 25 34
5to 10 29 23 38 21
10 or more 13 16 12 8

Mean No. Hrs 4.6 4.8 54 3.9
Median No. Hrs 3.0 3.0 4.8 2.5
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Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=147 N=81 N=24 N=24

Less than 2 45 41 26 44
2to5 35 46 44 30
5to0 10 19 10 30 26
10 or more 1 3 0 0

Mean No. Hrs 3.0 2.7 3.6 2.7
Median No. Hrs 2.0 2.5 3.0 2.0

Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=140 N=81 N=24 N=24
Less than 2 44 29 30 55
2to5 27 42 35 20
5to 10 28 26 30 25
10 or more | 3 5 0
Mean No. Hrs 3.2 3.3 4.0 3.0
Median No. Hrs 2.0 3.0 4.0 1.25

Most people thought the traffic delays were caused mainly by the sheer volume of traffic

and the fact that too many people left at once (Table 31). Many also cited poor traffic

management and advocated reversing lane directions. Most respondents said they would

be willing to cooperate in a phased evacuation in which they would delay their departure

for a few hours until people in a more dangerous location had begun their evacuation

(Table 32).
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Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=163 N=83 N=24 N=27

Number of Cars 40 54 42 67
All Left at Once 40 57 33 37
Waited too Long 9 13 13 19
Construction 1 4 4 4
Accidents 1 1 4 4
Poor Traffic

Management 27 35 13 19
Need Reverse

Lanes 17 13 25 19
Bad Weather 2 2 7
Other 18 11 17 33
Don’t Know 20 6 8 4

Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=204 N=201 N=011 N=105

Yes 78 74 75 83
Depends on

Storm’s Proximity 5 7 2 6
Depends on

Storm’s Strength 1 4 1

Other 2 1 2 1
Don’t Know 6 8 5 7

No 8 8 14 4

Most evacuees did not cite specific difficulties experienced during the evacuation.

Needing restroom facilities was most common, but a few ran out of gas or had

mechanical breakdowns (Table 33). More than 35% of the evacuees said they heard

about places where they could find shelter if they weren’t able to reach their destinations

(Table 34). Few changed their plans about seeking shelter as a result (Table 35). Most

interviewees reported no difficulties returning from the evacuation (Table 36).
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Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=164 N=85 N=24 N=26

Ran Out of Gas 2 1

Car Broke Down 3 2

Needed Water 1 2 4
Needed Food 4 4 4
Needed Restroom 7 11 4
Other Difficulties 1

No Difficulties 87 85 100 96

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=162 N=85 N=24 N=26
Yes 39 35 33 62
No 59 64 63 39
Don’t Know 2 1 4

Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=62 N=29 N=7 N=16
Yes 13 3 0 6
No 87 97 100 94
Don’t Know

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=164 N=85 N=24 N=27
Lack of
Information 2
Roads Blocked 1 2
Traffic Congested 7 2 4 11
Re-entry Not
Permitted 2 2
Other Difficulties 2 1 11
No Difficulties 87 92 96 85
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Vehicle use was typical of most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). Few households required assistance in evacuating, and in

most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=164 N=85 N=24 N=25
Percent of
Available 74 66 68 70
Avg. Number Per
Household 1.45 1.39 1.17 1.52
Pulled Trailer,
Took Motorhome 5 3 4 0

Table 38. Required Assistance in Evacuating

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=163 N=85 N=24 N=27
Yes, Within
Household 2 6
Yes, Friend/
Relative 1 1 4
Yes, Agency 1 1
No 96 92 96 100

Local television was relied upon most heavily by the respondents for information about

Floyd, followed by The Weather Channel (Table 39). Local radio was the third most

relied-upon source of information.
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Table 39. Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=201 N=200 N=100 N=105
Local Radio 30 28 27 24
Local Television 78 73 91 82
CNN 13 21 12 11
Weather Channel 54 53 52 44
Other Cable 5 6 7 8
Internet 5 6 4 4
AOL 3 4 2 1
Word of Mouth 10 12 11 8

Most respondents in the sample said they wouldn’t do anything differently if faced with

the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Many would plan to leave earlier.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=204 N=201 N=100 N=105
Would Leave 8 4 7 4
Wouldn’t Leave 13 11 9 4
Leave Earlier 23 16 13 12
Leave Later 3 1
Go Farther 2 1 1
Go Closer 3 1 1
Use Public Shelter 1 1
Not Use Pub Shlitr 1
Different Route 6 2
Buy Gasoline 1
Take Provisions 2 2 2
Other 9 9 8 4
Don’t Know 3 6 4 4
Nothing Different 52 65 67 77
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Chapter 5
Public Response to Hurricane Floyd
In Southern Georgia

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in southern region of
Georgia, including the coastal counties of Camden, Glynn, and McIntosh. Brunswick is

the largest city in the region. The sample was stratified as follows:

1. 300 interviews in areas at risk to storm surge in category 1 hurricanes
2. 200 interviews in areas at risk to storm surge in stronger hurricanes
3. 100 interviews in non-coastal counties adjacent to the coastal counties.

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. A copy of the generic questionnaire used in

post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of
the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17

percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
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12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables data refer to percentages of respondents. In some questions

respondents could give more than one answer, resulting in totals exceeding 100%.



Although no interviews were conducted in non-surge areas of coastal counties, tables
contain a column for that category of respondents, with an indicated sample size of zero.

This is done to facilitate side-by-side comparison of tables in reports from other post-

Floyd study locations.
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Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In

the category 1 risk zone, 89% evacuated, as did 75% in other surge zones (Table 1). The

“shadow” evacuation in adjacent non-coastal counties (i.e., evacuation from areas not

told by officials to evacuate) was substantial, contributing to the evacuating traffic.

Entire coastal counties in the region were told by officials to evacuate.

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=300 N=198 N=0 N=103
Evacuated 89 75 27

Most of the residents who did not evacuate gave the same reason: they felt their home

would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2).

past “false alarms” were a deterrents to some.

Table 2. Why Stayed (Percent of Respondents)

No other single reason was prominent in the responses, although traffic and

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=33 N=45 N=0 N=72
House OK for 33 56 64
Storm
Officials Said 3 2 4
Stay
Media Said 12 4 8
Stay
Friends Said 3 1
Stay
Officials Didn’t 4
Say Leave
Probabilities 27 13 32
Low
Other Info. 3 7 4
Would Miss
No Transport 0 0 0
No Place to Go 9 0 4




Table 2. Why Stayed (Percent of Respondents (continued)

Protect from 3 2 0
Looters

Protect from 6 3 3

Storm

Left in Past 15 11 8

Miss

Job 6 13 8

Waited Too 0 7 1

Long

Traffic 24 16 13
Tried, Gave Up 9 4 0

Dangerous on 0 0 0
Road

Pets 6 0 0

Required 0 0 0

Medical Care

Other 6 7 6

Don’t Know 0 0 6

Jobs were mentioned by some, and respondents were asked specifically whether anyone

in their household had to work during Floyd and how that affected their evacuation

(Tables 3, 4). Seventeen percent to 38% said someone in the household had to work, and

some said it either prevented part of the household from evacuating or delayed their

departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=303 N=198 N=0 N=103
Yes 17 32 38
No 83 68 62
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=51 N=63 N=0 N=38
None 61 37 74
Kept All from 4 10 16
Leaving
Kept Part from 6 3 3
Leaving
Delayed All in 26 37 5
Leaving
Delayed Part in 2 10 0
Leaving
Other 2 5 3

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and most said they would have (Table 5). Most

also said they had made the necessary preparations to leave in case conditions worsened

(Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=34 N=50 N=0 N=75
Would Have Left 59 66 72
Wouldn’t Have Left 32 20 20
Don’t Know 9 14 8

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=34 N=50 N=0 N=75
Had Prepared 82 76 69
Hadn’t Prepared 18 24 28
Don’t Know 0 0 3
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Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials, media messages, and concern

about storm conditions (Table 7.)

Table 7. Why Left (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=265 N=148 N=0 N=26
Officials Said 37 35 12
Leave
NWS Said 16 16 15
Leave
Police/Fire Said 9 9 12
Leave
Media Said 20 24 27
Leave
Friend Said 11 6 23
Leave
Storm Severe 22 28 15
Heard “Bad as 3 3 8
Hugo/Andrew”
Increased in 3 2 0
Strength
Concerned 6 3 0
about Flooding
Concerned 9 14 27
about Winds
Concerned re. 1 1 0
Road Flooding
Probability of 15 10 27
Hit
Post-Storm 1 1 0
Concerns
Other 4 5 8
Don’t Know 0 1 4

In an attempt to separate the effect of messages disseminated by government officials via

the media from the effect of other information heard via the media, respondents were

asked which had the greater impact on their decision to evacuate.

Information from

officials had the greater impact in the surge zone, but not in non-coastal counties,

according to respondents (Table 8).




Table 8. Greatest Influence to Leave

Percent of Respondents)

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=259 N=147 N=0 N=26

Media Info from 61 51 39
Gov’t Officials

Other Media Info 31 27 54

Info from Friends 14 19 15
Other 4 1

Don’t Know 1 1 0

Interviewees were also asked whether they heard from officials — either directly or

indirectly — that they should evacuate. Seventy-four percent in category 1 areas and 65%

in other surge areas they did (Table 9). More than a fourth in non-coastal counties said

they heard notices. Those who did hear evacuation notices were more likely than others

to evacuate, if they believed the notice to be mandatory (Table 10).

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=303 N=198 N=0 N=103
Heard Officials 74 65 28
Didn’t Hear 25 33 69
Don’t Know 1 3 3

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample sizes vary by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 95 90 54
Heard Should 74 57 21
Didn’t Hear 80 57 21

Few people, even those living in adjacent non-coastal counties, believe they would be

safe in a 125 MPH hurricane in their own homes (Table 11a).

In storm surge areas

beyond the category 1 level people who perceived their homes to be vulnerable were
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more likely than others to evacuate (Table 11b). Within the category 1 zone, 90% left,

regardless whether they thought their home was safe in a 125 MPH hurricane or not.

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=303 N=198 N=0 N=103
Safe 22 56 24
Unsafe 70 75 59
Don’t Know 8 8 8

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 89 56 24
Unsafe 90 82 30
Don’t Know 80 50 13
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Evacuation Timing
Evacuation departures were fairly gradual, primarily during September 14 and 15, with

the steepest portion of the response on the 14™. Nearly 80% of the evacuees had left by
the end of the day on the 14™. A hurricane watch was issued for the area at 11 AM on the
13™, followed by a warning at 5 PM on the 14™.
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). No more than five percent of those interviewed say they went to

public shelters.

Table 12. Refuges Uses by Evacuees

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=265 N=149 N=0 N=25
Public Shelter 2 5 4
Church 2 3 0
Friend/Relative 59 64 76
Hotel/Motel 26 20 4
Workplace 1 1 4
Other 10 8 12




Evacuation Destinations and Transportation Issues

Almost all evacuees left their own county, not surprising since the entire coastal counties

were told to evacuate. (Tables 13, 14). Most went to locations in Georgia.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=261 N=149 N=0 N=25
Own Neighborhood 2 4 12
Own County 3 4 0
Out of County 95 92 88

Table 14. Percent of out-of-county evacuees, by state destination
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Going out of county was motivated by three main factors: the strength of the storm, the

location of friends and family, and the lack of closer motels (Table 15). Information

from government officials conveyed by the media had a greater influence than other

media information (Table 16).
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Table 15. Why Went Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=244 N=134 N=0 N=22
Strength of Storm 18 13 23
Previous Hurri- 3 2 5
cane Experience
Comparisons to 1 1 9
Hugo/Andrew
Officials Said 5 5 0
Leave County
Media Said Leave 3 5 0
County
Friend Said Leave 10 9 0
County
Friend Lives in 46 55 55
Destination
No Public Shelter 3 7 9
Closer
No Motels Closer 23 24 14
Other 9 8 9
Don’t Know 1 0 0
Table 16. Greatest Influence for Going Out of County
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=244 N=134 N= N=22
Media Info from 48 49 46
Gov’t Officials
Other Media Info 30 20 32
Info from Friends 26 34 27
Other 5 2 5
Don’t Know 1 0 0

Over 80% of the evacuees from most risk areas eventually reached their destinations

(Table 17).

Of those who changed destinations, most went someplace closer than

anticipated (Table 18). Traffic, location of refuge, and fatigue were the main reasons for

changing destinations (Table 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=264 N=150 N=0 N=25
Yes 88 85 92
No 11 14 4
Don’t Know 1 1 4

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=25 N=19 N=0 N=1
Farther 56 47 0
Closer 44 42 100
Same 0 11 0
Don’t Know 0 0 0
Table 19. Why Changed Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=24 N=23 N=0 N=1

Traffic 54 44 0
Better Route 0 0 0
Loc. of Refuge 21 56 100
Out of Gas 0 0 0
Tired 21 17 0
Hungry 0 0 0
Bathroom 0 0 0
Storm Strengthened 8 0 0
Storm Close 0 0 0
Other 17 6 0
Don’t Know 0 0 0

Most people leaving from coastal counties said they did not hear about traffic problems

on evacuation routes before leaving home (Table 20). Of those who heard about such

problems before leaving home, most did not change their evacuation route plans (Table

21).
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=266 N=150 N=0 N=24
Yes 33 34 58
No 66 66 42
Don’t Know 1 0 0

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=87 N=50 N=0 N=14
Yes 17 34 50
No 83 66 50

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home.

Most coastal

evacuees said they did (Table 22). Most who heard, however, did not change their route

plans accordingly (Table 23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=87 N=50 N=0 N=14
Yes 63 68 21
No 37 32 71
Don’t Know 0 0 0

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=54 N=34 N=0 N=3
Yes 22 18 33
No 78 82 67

Most evacuees did not use interstate highways for even part of their evacuation (Table

24). Those who used interstates in Floyd were inclined to use them again (Table 25).

The great majority of the respondents said they were familiar with the roads in the area
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through which they evacuated (Table 26). More than three-fourths also said they would

be willing to use a different route than they would normally use if government officials

urged them to do so to avoid congestion, even if the route took them out of their way

(Table 27).

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=267 N=150 N=0 N=25
Yes 45 33 24
No 53 67 76
Don’t Know 2 1 0
Table 25. Routes to be Used in the Future
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=118 N=49 N=0 N=6
Interstate 49 53 50
Secondary Roads 23 20 17
Both 14 16 33
Depends on Traffic 5 6 0
Depends on Other 3 4 0
Other 2 0 0
Don’t Know 3 0 0
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=267 N=150 N=0 N=26
Yes 80 79 85
No 19 21 15
Don’t Know 1 1 0
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Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=266 N=149 N=0 N=25

Yes 77 81 84
No 5 7 12
Depends How 4 5 0
Much Longer

Depends on Other 8 6 0
Other 0 0 0
Don’t Know 6 1 4

Most respondents said it took them five or more hours to reach their destination (Table

28), and times were longer than expected (Table 29). When asked how long it was

reasonable for an evacuation like Floyd’s to take, most respondents gave times shorter

than the actual evacuation but slightly longer than their original expectation (Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=256 N=144 N=0 N=25

Less than 2 21 14 44
2to5 23 22 40
5t0 10 44 40 16
10 or more 12 24 0

Mean No. Hrs 6.2 7.3 3.2
Median No. Hrs 6 7 3

Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=253 N=139 N=0 N=24

Less than 2 32 35 58
2to5 50 45 29
5to 10 17 18 13
10 or more 1 3 0

Mean No. Hrs 3.5 3.8 2.5
Median No. Hrs 3.5 3.5 2.0
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Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=229 N=124 N=0 N=22

Less than 2 27 20 41
2to5 47 44 41
5to0 10 25 32 18
10 or more 1 4 0

Mean No. Hrs 4.1 4.9 3.0
Median No. Hrs 4.0 4.5 3.0

Most people thought the traffic delays were caused mainly by the sheer volume of traffic,

the fact that too many people left at once, and poor traffic management (Table 31). Some

advocated reversing lane directions. More than 80% of the respondents said they would

be willing to cooperate in a phased evacuation in which they would delay their departure

for a few hours until people in a more dangerous location had begun their evacuation

(Table 32).

Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=267 N=148 N=0 N=45

Number of Cars 50 58 44
All Left at Once 43 55 44
Waited too Long 13 16 28
Construction 1 1 4
Accidents 1 3 0
Poor Traffic 32 30 20
Management

Need Reverse 6 5 0
Lanes

Bad Weather 0 0 0
Other 8 3 28
Don’t Know 14 6 12
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Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=302 N=195 N=0 N=103
Yes 81 86 92
Depends on 3 1 1
Storm’s Proximity
Depends on 3 3 0
Storm’s Strength
Other 0 0 0
Don’t Know 5 5 5
No 8 6 4

Most evacuees did not cite specific difficulties experienced during the evacuation.
Needing restroom facilities was most common, but some had mechanical breakdowns or
needed food or water (Table 33). Nearly half of the evacuees said they heard about places
where they could find shelter if they weren’t able to reach their destinations (Table 34).
Few changed their plans about seeking shelter as a result (Table 35). Hardly any

interviewees reported difficulties when returning from the evacuation (Table 36).

Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=267 N=150 N= N=25
Ran Out of Gas 0 1 0
Car Broke Down 3 2 0
Needed Water 2 0 0
Needed Food 3 1 0
Needed Restroom 8 11 8
Other Difficulties 1 0 0
No Difficulties 87 86 92
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Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=266 N=150 N=0 N=25
Yes 38 53 48
No 59 44 52
Don’t Know 3 3 0

Table 35. Changed

Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=99 N=75 N=0 N=12
Yes 10 9 0
No 90 91 100

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=267 N=150 N=0 N=25
Lack of 0 0 0
Information
Roads Blocked by 0 1 0
Water/Debris
Traffic Congested 3 2 0
Re-entry Not 0 0 0
Permitted
Other Difficulties 1 0 0
No Difficulties 96 97 100

Vehicle use was typical of most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). Few households required assistance in evacuating, and in

most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=266 N=150 N=0 N=25
Percent of 65 73 62
Available
Avg. Number Per 1.37 1.5 1.28
Household
Pulled Trailer, 5.8 7.5 4.2
Took Motorhome
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Table 38. Required Assistance in Evacuating (As a Percent of All Households)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=267 N=149 N=0 N=25
Yes, Within 4 5 0
Household
Yes, Friend/ 3 2 0
Relative
Yes, Agency 0 0 0
No 92 93 100

Local television was relied upon most heavily by the respondents for information about

Floyd, followed closely by The Weather Channel (Table 39). Local radio was the third

most relied-upon source of information.

Table 39. Sources Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=303 N=197 N=0 N=103
Local Radio 34 46 33
Local Television 65 72 67
CNN 23 23 20
Weather Channel 61 70 53
Other Cable 5 6 6
Internet 3 4 2
AOL <1 1 0
Word of Mouth 14 17 9

Coastal respondents tended to say they would leave earlier or do nothing different if

faced with the same circumstances again as in Floyd (Table 40).

Some who left

wouldn’t, but some who didn’t leave would. Most non-coastal respondents said they

would do nothing different.
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Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=302 N=197 N=0 N=103
Would Leave 6 8 8
Wouldn’t Leave 12 9 3
Leave Earlier 32 37 3
Leave Later 3 7 0
Go Farther 1 1 0
Go Closer 3 1 0
Use Public Shelter 1 0 0
Not Use Pub Shltr 0 0 0
Different Route 1 4 0
Buy Gasoline 0 0 0
Take Provisions 1 2 0
Other 2 4 6
Don’t Know 4 1 2
Nothing Different 46 39 80
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Chapter 6
Public Response to Hurricane Floyd
In the Savannah, Georgia Region

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in the northern tier of

Georgia coastal and adjacent counties. The sample was stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge

4. 100 interviews in adjacent non-coastal counties.

Inundation zones on maps prepared for the most recent hurricane evacuation study for the
region were used to identify the sampling areas. A copy of the generic questionnaire

used in the post-Floyd surveys is included as Appendix 1.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of
the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17

percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
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12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few

cases responses were invalid.



Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In

the category 1 risk zone, 90% evacuated, almost equaled by those in other surge zones

(Table 1). These are unusually high participation rates, especially outside the category 1

zone. There was a pronounced “shadow” evacuation in adjacent noncoastal counties

(i.e., evacuation from areas not told by officials to evacuate).

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=212 N=205 N=107 N=100
Evacuated 90 86 61 33

Most of the residents who did not evacuate gave the same reason: they felt their

home would be safe, given the likely track and strength of the storm (Table 2). Some

apparently observed the heavy traffic and decided not to leave. Some said they attempted

to evacuate but gave up because of the traffic.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=20 N=19 N=41 N=64
House OK for
Storm 30 26 37 61
Officials Said
Stay 5 5 17
Media Said
Stay 8
Friends Said
Stay 10 5 5
Officials Didn’t
Say Leave 5 2 6
Probabilities
Low 10 5 7 16
Other Info.
Would Miss 10 11 7 11
No Transport 11 2




Table 2. Why Stayed (Percent of Respondents) continued

No Place to Go 5 3
Protect from

Looters 5 5 2

Protect from

Storm 11 2
Left in Past

Miss 15

Job 30 5 27 8
Waited Too

Long 5 2

Traffic 5 16 10 3
Tried, Gave Up 10 2
Dangerous on

Road 11 3
Pets 5 5 27 2
Required

Medical Care

Other 15 21 17 6
Don’t Know 11 5 2

Jobs were mentioned by some as a reason for not leaving, and respondents were asked
specifically whether anyone in their household had to work during Floyd and how that
affected their evacuation (Tables 3, 4). At least a fourth (and more than half in one area)
said someone in the household had to work, and some said it either prevented some in the

household from evacuating or delayed their departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=211 N=205 N=107 N=100
Yes 24 24 59 45
No 76 75 42 55
Don’t Know 1
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=51 N=44 N=61 N=45
None 57 36 46 82
Kept All from
Leaving 4 5 16 4
Kept Part from
Leaving 9 3 4
Delayed All in
Leaving 28 43 28 7
Delayed Part in
Leaving 8 2 3 2
Other 4 5 2

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and most said they would have (Table 5). Most

also said they had made the necessary preparations to leave in case conditions worsened

(Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=22 N=19 N=42 N=67
Would Have Left 64 37 67 69
Wouldn’t Have Left 32 58 17 25
Don’t Know 5 5 2 6
Other
Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=22 N=19 N=42 N=67
Had Prepared 77 63 74 72
Hadn’t Prepared 23 37 21 25
Don’t Know 5 2

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials (including the NWS) and concern

about storm conditions (Table 7.) Friends and the media played slightly lesser roles.
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Table 7. Why Evacuees Left (Percent of Respondents

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=185 N=173 N=64 N=33
Officials Said
Leave 44 33 30 21
NWS Said
Leave 28 17 11 3
Police/Fire Said
Leave 4 6 14 6
Media Said
Leave 26 32 25 18
Friend Said
Leave 14 20 13 27
Storm Severe 31 25 27 55
Heard “Bad as
Hugo/Andrew” 3 6 3 9
Increased in
Strength 4 1
Concerned
about Flooding 9 6 3 12
Concerned
about Winds 8 7 13 27
Concerned re.
Road Flooding 4 2 2
Probability of
Hit 16 12 17 15
Post-Storm
Concerns 2 1 2 3
Other 15 13 8 15
Don’t Know 2 2 2

In an attempt to separate the effect of messages disseminated by government officials via
the media from the effect of other information heard via the media, respondents were
asked which had the greater impact on their decision to evacuate. Information from

officials had the greater impact, according to respondents (Table 8).
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Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=185 N=173 N=64 N=33

Media Info from

Gov'’t Officials 54 56 55 49
Other Media Info 32 25 38 21

Info from Friends 18 25 19 27
Other 15 8 2 9
Don’t Know 1 1

Interviewees were also asked whether they heard from officials — either directly or

indirectly — that they should evacuate. A majority in the coastal counties, even in non-

surge areas, said they did (Table 9).

In the surge zones people who didn’t hear the

evacuation notices were as likely to evacuate as those who did (Table 10). In non-surge

areas those who heard (or thought they heard) evacuation notices were significantly more

likely than others to leave.

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=211 N=206 N=107 N=104
Heard Notice 77 77 69 30
Didn’t Hear 20 23 30 74
Don’t Know 2 1 1 0

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample size varies by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 91 87 68 73
Heard Should 81 83 73 64
Didn’t Hear 91 83 47 18




Few people, even those living outside the surge zones, believe they would be safe in a

125 MPH hurricane in their own homes (Table 11a). In all four risk zones people who

perceived their homes to be vulnerable were more likely than others to evacuate (Table

11b).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=212 N=206 N=107 N=104
Safe 9 19 23 35
Unsafe 81 71 66 55
Don’t Know 10 10 10 10

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 65 62 48 11
Unsafe 93 91 69 49
Don’t Know 86 95 36 20
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Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 14 and 15, with
the steepest portion of the response on the 14™. By the end of the day on the 14™, nearly
80% of the evacuees had left. A hurricane watch was issued for the area at 5 PM on the

13™ followed by a warning at 5 PM on the 14"
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). Only in the coastal non-surge zone did more than five percent of

those interviewed say they went to public shelters.

Table 12. Types of refuge used (percent of evacuees)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=189 N=177 N=61 N=33

Public Shelter 2 3 7

Church 1 7 7 6
Friend/Relative 65 61 62 67
Hotel/Motel 27 21 15 15
Workplace 3 3
Other 5 9 7 9
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Evacuation Destinations and Transportation Issues

Almost all evacuees left their own county, going elsewhere in Georgia (Tables 13, 14).

These are much higher out-of-county destinations than normally observed. However, at

least some of the coastal counties (e.g., Chatham) issued evacuation notices for the entire

county, and no public shelters are provided in coastal counties.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=191 N=173 N=61 N=33
Own Neighborhood <1 <1 3 9
Own County 6 2 2 3
Out of County 94 97 95 88

Table 14. Percent of out-of-county evacuees, by state destination

Florida 1
Georgia 84
South Carolina 4
North Carolina 4
Virginia <1
Alabama 3
Tennessee 1
Other <1

Going out of county was prompted by three main factors: the strength of the storm, the

location of friends and family, and the lack of closer motels (Table 15). As noted above,

entire counties were told to evacuate by officials. Information from government officials

conveyed by the media was a larger influence than other media information (Table 16).




Table 15. Reasons for Going Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=172 N=150 N=58 N=29
Strength of Storm 16 15 21 17
Previous Hurri-
cane Experience 6 5 2 3
Comparisons to
Hugo/Andrew 3 2 10
Officials Said
Leave County 5 5 5
Media Said Leave
County 6 5 5 3
Friend Said Leave
County 8 11 5 7
Friend Lives in
Destination 54 53 57 69
No Public Shelter
Closer 3 9 12
No Motels Closer 22 23 28 10
Other 16 13 5 3
Don’t Know 1
Table 16. Greatest Influence for Going Out of County
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=170 N=148 N=57 N=29
Media Info from
Gov'’t Officials 51 44 47 38
Other Media Info 23 15 25 28
Info from Friends 21 32 21 31
Other 19 18 11 10
Don’t Know 1

Approximately 75% of the evacuees from most risk areas eventually reached their

destinations (Table 17). Of those who changed destinations, most went someplace farther

than anticipated (Table 18).

reasons for changing destinations (Table 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=189 N=173 N=64 N=33
Yes 83 78 72 91
No 15 19 27 9
Don’t Know 2 3 2

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=28 N=30 N=17 N=3
Farther 57 63 65 67
Closer 32 27 35 33
Same 11 7
Don’t Know 3
Table 19. Why Changed Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=27 N=29 N=17 N=3

Traffic 26 35 24
Loc. of Refuge 41 45 41 33
Out of Gas
Tired 7 28 24
Hungry 3
Bathroom
Storm Strengthened 3 6 33
Storm Close 6
Other 44 35 18 33
Don’t Know 7 2

Most people from surge zones said they did not hear about traffic problems on evacuation

routes before leaving home, although those from non-surge areas did (Table 20). Of

those who heard about such problems before leaving, most did not change their

evacuation route plans (Table 21).
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=190 N=173 N=64 N=33
Yes 35 40 69 70
No 62 57 31 27
Don’t Know 3 3 3

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=67 N=65 N=44 N=22
Yes 25 39 50 55
No 73 62 50 45
Don’t Know 2

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home. About two-thirds said

they did (Table 22). Some, but not most, changed their route plans accordingly (Table

23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=67 N=63 N=44 N=23
Yes 64 75 73 50
No 31 25 27 50
Don’t Know 5

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=42 N=47 N=32 N=12
Yes 17 25 38 42
No 81 75 63 58
Don’t Know 2
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Most evacuees from surge areas used interstate highways for at least part of their

evacuation (Table 24). Those from non-surge areas did not. Those who used interstates

in Floyd gave a mixture of future intentions concerning road use, but the overall tendency

appeared to be flexibility, depending upon the circumstances (Table 25). Approximately

75% of the respondents said they were familiar with the roads in the area through which

they evacuated (Table 26). Three-fourths also said they would be willing to use a

different route than they would normally use if government officials urged them to do so

to avoid congestion, even if the route took them out of their way (Table 27). Less than

10% said they would be unwilling to comply with that sort of request by officials.

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=190 N=170 N=64 N=33
Yes 70 66 39 39
No 30 34 58 61
Don’t Know 1 3
Table 25. Routes to be Used in the Future
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=133 N=104 N=25 N=13
Interstate 50 37 40 46
Secondary Roads 16 35 52 15
Both 16 14 4 15
Depends on Traffic 6 3 8
Depends on Other 8 7
Other 2 4 8
Don’t Know 5 4 8
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=190 N=170 N=64 N=85
Yes 74 73 78 85
No 23 24 22 15
Don’t Know 3 3
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Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=190 N=173 N=64 N=33
Yes 74 74 75 85
No 5 9 8 3
Depends How
Much Longer 7 2 6
Depends on Other 12 12 8 12
Other 1
Don’t Know 3 3 3

More than half the respondents said it took them more than five hours to reach their

destination, and about a third said it took 15 or more hours (Table 28). The exception

was non-coastal counties which had much lower evacuation times. Anticipated

evacuation travel times were much lower than actual (Table 29). When asked how long it

was reasonable for an evacuation like Floyd’s to take, most respondents gave times

shorter than the actual evacuation but slightly longer than their original expectation

(Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=184 N=170 N=63 N=33

Less than 2 25 16 5 16
2to5 19 17 22 53
5t0 10 28 33 41 47
10to 15 22 24 26 0

15 or more 6 10 6 0

Mean No. Hrs 6.7 7.7 7.9 4.2
Median No. Hrs 5.5 7.0 7.0 4.0
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Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=174 N=168 N=63 N=30

Less than 2 29 18 7 20
2to5 41 48 56 63
5to0 10 27 31 36 17
10 to 15 3 3 0 0

15 or more 0 0 0 0

Mean No. Hrs 3.5 4.0 4.2 3.2
Median No. Hrs 3.5 4.0 4.0 3.0

Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=165 N=160 N=59 N=29

Less than 2 27 18 6 17
2t05 30 32 46 52
5t0 10 39 42 42 31
10to 15 4 8 6 0

15 or more 0 0 0 0

Mean No. Hrs 4.1 4.7 4.9 34
Median No. Hrs 4.0 5.0 4.5 4.0

Most people thought the traffic delays were caused mainly by the sheer volume of traffic

and the fact that too many people left at once (Table 31). Many also cited poor traffic

management and advocated reversing lane directions. The great majority of respondents

said they would be willing to cooperate in a phased evacuation in which they would delay

their departure for a few hours until people in a more dangerous location had begun their

evacuation (Table 32).
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Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=188 N=173 N=64 N=33
Number of Cars 58 58 44 55
All Left at Once 42 50 43 58
Waited too Long 13 18 13 9
Construction 1
Accidents 5 4 2 3
Poor Traffic
Management 27 32 29 9
Need Reverse
Lanes 13 11 11 9
Bad Weather 3 1 3
Other 14 9 22 18
Don’t Know 13 8 8 18

Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=210 N=206 N=107 N=100
Yes 84 81 88 89
Depends on
Storm’s Proximity 3 3 1 3
Depends on
Storm’s Strength 2 2 3 4
Other 2 2 1
Don’t Know 4 6 6
No 4 7 4 3

Most evacuees did not cite specific difficulties experienced during the evacuation.
Needing restroom facilities was most common, but a few ran out of gas or had
mechanical breakdowns (Table 33). Almost half the evacuees said they heard about
places where they could find shelter if they weren’t able to reach their destinations (Table
34). Few changed their plans about seeking shelter as a result (Table 35). Most

interviewees reported no difficulties returning from the evacuation (Table 36).
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Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=189 N=173 N=64 N=33

Ran Out of Gas 1 1 2

Car Broke Down 3 3 3 3
Needed Water 3 3 2

Needed Food 5 4 3

Needed Restroom 15 11 13

Other Difficulties 3 3 2 3

No Difficulties 79 85 83 94

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=190 N=171 N=64 N=33
Yes 42 48 56 46
No 54 48 44 39
Don’t Know 4 5 6

Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=133 N=76 N=35 N=15
Yes 5 7 6
No 95 93 94 100
Don’t Know

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=189 N=173 N=64 N=33
Lack of
Information 1 1
Roads Blocked 1
Traffic Congested 6 6 8 3
Re-entry Not
Permitted 1
Other Difficulties 2 1 2
No Difficulties 92 92 91 97
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Vehicle use was typical of most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). It was slightly high in the surge zones beyond the category

1 area and slightly low in non-coastal counties. Few households required assistance in

evacuating, and in most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=188 N=176 N=64 N=32
Percent of
Available 67 78 66 57
Avg. Number Per
Household 1.42 1.54 1.48 1.47
Pulled Trailer,
Took Motorhome 3 8 2 3

Table 38. Required Assistance in Evacuating

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=189 N=177 N=64 N=34

Yes, Within

Household 4 4 2 3

Yes, Friend/

Relative 2 1 3

Yes, Agency

No 94 95 98 95

Local television was relied upon most heavily by the respondents for information about

Floyd, followed by The Weather Channel (Table 39). Local radio was the third most

relied-upon source of information.
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Table 39. Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=209 N=200 N=106 N=102

Local Radio 35 40 24 35
Local Television 70 79 81 70
CNN 14 17 22 23
Weather Channel 66 65 59 55
Other Cable 7 3 3 7

Internet 8 4 4 5

AOL 4 1 3 1

Word of Mouth 10 17 23 11

Most respondents in the sample said they wouldn’t do anything differently if faced with

the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Many would plan to leave earlier.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=210 N=200 N=107 N=102
Would Leave 3 7 10 5
Wouldn’t Leave 9 12 15 2
Leave Earlier 40 37 31 12
Leave Later 7 4 1 4
Go Farther 1 1 1 1
Go Closer 3 2 1 1
Use Public Shelter 1
Not Use Pub Shltr 1 1 1
Different Route 10 6 6
Buy Gasoline 1 1
Take Provisions 3 3 4 3
Other 14 9 8 6
Don’t Know 7 4 4 5
Nothing Different 40 37 38 68
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Chapter 7
Public Response to Hurricane Floyd
In the Beaufort, South Carolina Vicinity

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in southern South
Carolina region, including the coastal counties of Beaufort, Jasper, and Colleton. The

sample was stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge

4. 100 interviews in non-coastal counties adjacent to the coastal counties.

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. A copy of the generic questionnaire used in

post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of

the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17
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percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables, data refer to percentages of respondents. In some questions

respondents could give more than one answer, resulting in totals exceeding 100%.
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Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In

the category 1 risk zone, almost 90% evacuated, as did 80% in other surge zones and

64% from non-surge areas (Table 1). The “shadow” evacuation in non-coastal counties

(i.e., evacuation from areas not told by officials to evacuate) was substantial, contributing

to the evacuating traffic.

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=198 N=198 N=106 N=106
Evacuated 88 80 64 26

Most of the residents who did not evacuate gave the same reason: they felt their home

would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2). Traffic deterred some from leaving, and in the “other” surge zone, 10% of the

stayers said they tried to evacuate and gave up.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=22 N=40 N=38 N=72
House OK for 36 30 40 57
Storm
Officials Said 7
Stay
Media Said 5 5 8
Stay
Friends Said 5 10
Stay
Officials Didn’t 5 3 8 21
Say Leave
Probabilities 14 13 29 36
Low
Other Info. 55 8 16 14
Would Miss
No Transport 3 3 1
No Place to Go 14 5 3




Table 2. Why Stayed (Percent of Respondents) continued

Protect from
Looters

3

Protect from
Storm

Left in Past
Miss

14

10

Job

13

16

Waited Too
Long

Traffic

25

13

Tried, Gave Up

10

Dangerous on
Road

Pets

Required
Medical Care

Other

21

Don’t Know

Jobs were mentioned by some, and respondents were asked specifically whether anyone

in their household had to work during Floyd and how that affected their evacuation

(Tables 3, 4). Approximately a fourth said someone in the household had to work, and

some said it either prevented part of the household from evacuating or delayed their

departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=198 N=198 N=106 N=105
Yes 21 22 19 29
No 79 78 81 71
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=41 N=44 N=20 N=30
None 49 34 65 53
Kept All from 2 16 10 20
Leaving
Kept Part from 5 14 0 10
Leaving
Delayed All in 29 27 15 3
Leaving
Delayed Part in 12 9 10 0
Leaving
Other 2 0 0 13

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and more than half said they would have (Table

5). Most also said they had made the necessary preparations to leave in case conditions

worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=21 N=40 N=38 N=78
Would Have Left 57 63 58 68
Wouldn’t Have Left 38 28 37 27
Don’t Know 5 10 5 5

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=22 N=40 N=38 N=78
Had Prepared 64 78 63 69
Hadn’t Prepared 36 23 29 31
Don’t Know 0 0 3 0

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials, media recommendations, and

concern about storm conditions (Table 7.)
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Table 7. Why Left (Percent of Res

ondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=174 N=158 N=66 N=27
Officials Said 31 29 23 15
Leave
NWS Said 23 11 38 26
Leave
Police/Fire Said 8 8 9 4
Leave
Media Said 25 22 32 26
Leave
Friend Said 12 15 20 15
Leave
Storm Severe 34 30 29 48
Heard “Bad as 8 12 9
Hugo/Andrew”
Increased in 4 1 5
Strength
Concerned 10 6 5
about Flooding
Concerned 14 13 11 22
about Winds
Concerned re. 1 1
Road Flooding
Probability of 16 27 8 25
Hit
Post-Storm 1 1
Concerns
Other 18 16 8 15
Don’t Know 1 2

In an attempt to separate the effect of messages disseminated by government officials via
the media from the effect of other information heard via the media, respondents were
asked which had the greater impact on their decision to evacuate. In category 1 surge
areas information from government and media had comparable impacts (Table 8). In

other risk zones information from officials had the greater effect.
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Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=174 N=157 N=67 N=26

Media Info from 43 50 54 65
Gov'’t Officials

Other Media Info 45 30 43 54

Info from Friends 12 16 16 8
Other 12 13 8
Don’t Know 1 1 2

Interviewees were also asked whether they heard from officials — either directly or

indirectly — that they should evacuate. Between 60% and 70% in coastal counties said

they did (Table 9). In non-coastal counties and outside of surge zones, people who heard

evacuation notices were more likely than others to evacuate, particularly if they believed

the notice to be mandatory (Table 10). The effect was more pronounced in non-surge

arcas.

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=199 N=198 N=106 N=105
Heard Notice 69 68 61 31
Didn’t Hear 27 32 34 68
Don’t Know 4 0 5 2

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample sizes vary by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 96 86 85 71
Heard Should 81 62 50 52
Didn’t Hear 85 79 53 11
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Few people in the coastal counties (or even in adjacent non-coastal counties) believe they

would be safe in a 125 MPH hurricane in their own homes (Table 11a). In all four risk

zones people who perceived their homes to be vulnerable were substantially more likely

than others to evacuate (Table 11Db).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=199 N=198 N=106 N=105
Safe 10 23 18 31
Unsafe 80 65 69 53
Don’t Know 11 12 13 15

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 68 63 42 18
Unsafe 91 87 73 29
Don’t Know 91 75 50 31
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Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 14 and 15, with
the steepest portion of the response on the 14™. Half of the eventual evacuees had left by
noon on the 14™, and 80% had left by the end of the 14™. A hurricane watch was issued
for the area at 11 PM on the 13", followed by a warning at 5 PM on the 14"
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). Five percent or fewer of those interviewed said they went to public

shelters.

Table 12. Refuges Uses by Evacuees

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=173 N=152 N=66 N=25

Public Shelter 1 2 5 4
Church 1 1 2

Friend/Relative 43 55 52 72
Hotel/Motel 51 35 36 16
Workplace 1 1

Other 6 6 8
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Evacuation Destinations and Transportation Issues

Almost all evacuees from coastal counties left their county, not surprising since entire

counties were told to evacuate (Table 13). Even in non-coastal counties 68% left their

county. More evacuees went to Georgia than any other state, including South Carolina

(Table 14).

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=174 N=155 N=68 N=28
Own Neighborhood 0 0 3 21
Own County 2 1 3 11
Out of County 98 99 94 68

Table 14. Percent of out-of-county evacuees, by state destination

Florida 1
Georgia 43
South Carolina 35
North Carolina 13
Virginia 1
Alabama 2
Tennessee 3
Other 2

Going out of county was motivated by three main factors: the strength of the storm, the

location of friends and family, and the lack of closer motels (Table 15). In category 1

surge areas information from government officials conveyed by the media had about the

same influence as other media information (Table 16). In other risk areas the relative

influence of government information varied.




Table 15. Why Went Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=170 N=155 N=63 N=19
Strength of Storm 32 21 22 21
Previous Hurri- 8 5 16
cane Experience
Comparisons to 1 6 6
Hugo/Andrew
Officials Said 5 7 2
Leave County
Media Said Leave 7 7 8 5
County
Friend Said Leave 5 10 19 5
County
Friend Lives in 36 47 48 63
Destination
No Public Shelter 4 3 3
Closer
No Motels Closer 28 25 24 11
Other 18 9 3 16
Don’t Know 1 3
Table 16. Greatest Influence for Going Out of County
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=171 N=154 N=63 N=19
Media Info from 37 44 38 32
Gov’t Officials
Other Media Info 37 28 46 53
Info from Friends 17 23 21 21
Other 19 12 10 5
Don’t Know 1 1 0 0

Over 85% of the evacuees eventually reached their destinations (Table 17). New

destinations were about as likely to be farther than originally planned as closer (Table

18). Traffic, location of refuge, and fatigue were the main reasons cited for changing

destinations (Table 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=27
Yes 87 85 90 89
No 10 15 9 11
Don’t Know 3 1 1 0

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=18 N=22 N=6 N=3
Farther 72 36 67 33
Closer 28 55 17 67
Same 9 17
Don’t Know
Table 19. Why Changed Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=16 N=23 N=6 N=3

Traffic 13 35 17 67
Better Route
Loc. of Refuge 25 29 50
Out of Gas 4
Tired 31 17 17
Hungry 6
Bathroom
Storm Strengthened 33
Storm Close 13
Other 50 35 33
Don’t Know 4

Most people said they did not hear about traffic problems on evacuation routes before

leaving home (Table 20). Of those who heard about such problems before leaving home,

most did not change their evacuation route plans, although 30% to 40% did (Table 21).
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=27
Yes 36 39 40 48
No 62 60 57 52
Don’t Know 2 1 3 0

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=62 N=61 N=27 N=13
Yes 40 30 30 39
No 60 70 63 61

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home. Most said they did

(Table 22). In coastal areas 22% to 38% said they changed their route plans accordingly

(Table 23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=61 N=60 N=27 N=13
Yes 74 75 63 62
No 25 25 37 39
Don’t Know 2 0 0 0

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=45 N=45 N=17 N=7
Yes 38 22 24 0
No 62 78 76 100
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Most evacuees from surge areas used interstate highways for at least part of their

evacuation (Table 24). Not all of those who used interstates in Floyd were inclined to use

them again (Table 25). The majority of the respondents said they were familiar with the

roads in the area through which they evacuated (Table 26). More than three-fourths also

said they would be willing to use a different route than they would normally use if

government officials urged them to do so to avoid congestion, even if the route took them

out of their way (Table 27).

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=27
Yes 62 61 49 22
No 37 37 49 78
Don’t Know 1 1 2 0
Table 25. Routes to be Used in the Future
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=108 N=97 N=33 N=6
Interstate 28 34 30 33
Secondary Roads 27 34 27 0
Both 30 19 21 50
Depends on Traffic 5 7 12 17
Depends on Other 8 3 6 0
Other 1 2 0 0
Don’t Know 2 1 3 0
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=174 N=157 N=68 N=27
Yes 71 65 77 89
No 28 33 19 11
Don’t Know 1 3 4 0




Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=27

Yes 77 75 81 85
No 6 9 2 4
Depends How 3 8 0 4
Much Longer

Depends on Other 9 4 99 4
Other 1 1 0 0
Don’t Know 4 4 9 4

More than half the respondents said it took them five or more hours to reach their

destination and many said it took more than 10 hours (Table 28). Times were longer than

expected (Table 29). When asked how long it was reasonable for an evacuation like

Floyd’s to take, most respondents gave times shorter than the actual evacuation but

slightly longer than their original expectation (Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=170 N=155 N=68 N=25

Less than 2 9 5 22 40
2to5 28 19 25 28
5to 10 34 39 38 32
10 or more 29 37 15 0

Mean No. Hrs 8 8.9 6.7 3.7
Median No. Hrs 6.5 9.0 6.0 4.0

Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=165 N=143 N=61 N=26

Less than 2 12 20 33 58
2to5 61 57 41 31
5to 10 24 22 26 12
10 or more 4 1 0 0

Mean No. Hrs 4.7 4.3 3.8 2.6
Median No. Hrs 4.0 4.0 4.0 1.8
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Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=154 N=137 N=57 N=25
Less than 2 10 10 30
2to5 46 37 25
5to0 10 42 50 42
10 or more 3 2 4
Mean No. Hrs 54 54 4.6 3.1
Median No. Hrs 5.0 6.0 5.0 2.5

Most people thought the traffic delays were caused mainly by the sheer volume of traffic,

the fact that too many people left at once, and poor management (Table 31). Some also

advocated reversing lane directions. More than 70% of the respondents said they would

be willing to cooperate in a phased evacuation in which they would delay their departure

for a few hours until people in a more dangerous location had begun their evacuation

(Table 32).

Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=27
Number of Cars 51 53 59 56
All Left at Once 45 42 32 37
Waited too Long 18 11 22 7
Construction 1 3 0 4
Accidents 3 7 4
Poor Traffic 25 36 29 33
Management
Need Reverse 22 19 12 7
Lanes
Bad Weather 1 1 0 4
Other 14 10 7 4
Don’t Know 13 11 12 22
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Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=198 N=198 N=106 N=104

Yes 73 76 86 87
Depends on 8 3 4 2
Storm’s Proximity

Depends on 2 6 1 0
Storm’s Strength

Other 6 1 2 3
Don’t Know 6 5 6

No 7 9 3 3

Most evacuees did not cite specific difficulties experienced during the evacuation.
Needing restroom facilities was most common, while others ran out of gas, had
mechanical breakdowns, and needed food (Table 33). Almost half of the evacuees said
they heard about places where they could find shelter if they weren’t able to reach their
destinations (Table 34). Few changed their plans about seeking shelter as a result (Table
35). Most interviewees reported no difficulties when returning from the evacuation

(Table 36).

Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=27
Ran Out of Gas 1 2 0 0
Car Broke Down 1 3 0 0
Needed Water 1 3 0 0
Needed Food 5 5 0 0
Needed Restroom 14 22 4 4
Other Difficulties 5 4 0 0
No Difficulties 83 75 96 96

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=26
Yes 41 42 38 42
No 57 57 59 54
Don’t Know 3 1 3 4
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Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=68 N=67 N=26 N=I11
Yes 2 0 8 0
No 98 100 92 100

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=175 N=158 N=68 N=27
Lack of 1 1 0 0
Information
Roads Blocked by 2 1 1 0
Water/Debris
Traffic Congested 7 5 4 15
Re-entry Not 0 2 0 0
Permitted
Other Difficulties 1 1 0 0
No Difficulties 90 91 94 85

Vehicle use was typical of most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). Few households required assistance in evacuating, and in

most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=175 N=158 N=68 N=27
Percent of 72 76 70 64
Available
Avg. Number Per 1.3 1.48 1.32 1.26
Household
Pulled Trailer, 2.5 5.3 4.6 3.7
Took Motorhome

Table 38. Required Assistance in Evacuating (As a Percent of All Households)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=174 N=158 N=68 N=0

Yes, Within 3 3 3

Household

Yes, Friend/ 0 3 3

Relative

Yes, Agency 3 1 3

No 94 94 94
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Local television and The Weather Channel were relied upon most heavily by the

respondents for information about Floyd, followed by local radio (Table 39). CNN was

the next most relied-upon source of information.

Table 39. Sources Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=198 N=197 N=104 N=105

Local Radio 26 34 29 40
Local Television 63 62 76 76
CNN 14 24 18 30
Weather Channel 61 60 61 62
Other Cable 4 7 0 6

Internet 5 12 4 6

AOL 2 3 2 1

Word of Mouth 17 14 9 13

Of those who said they would do anything differently if faced with the same

circumstances again as in Floyd, leaving ealier was the most common change (Table 40).

Some who left wouldn’t, but some who didn’t leave would.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=197 N=197 N=105 N=105
Would Leave 3 3 5 5
Wouldn’t Leave 9 11 8 7
Leave Earlier 24 32 21 7
Leave Later 9 10 4 2
Go Farther 4 1 1 0
Go Closer 5 3 4 2
Use Public Shelter 0 1 1 1
Not Use Pub Shltr 1 0 0 0
Different Route 7 4 4 0
Buy Gasoline 0 1 0 0
Take Provisions 2 3 0 0
Other 8 11 8 7
Don’t Know 7 6 6 11
Nothing Different 50 43 61 70
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Chapter 8
Public Response to Hurricane Floyd
In the Charleston, South Carolina Region

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in the central conglomerate of
South Carolina coastal and adjacent counties in the Charleston region. The sample was

stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge

4. 100 interviews in adjacent non-coastal counties.

Evacuation zones maps prepared for the most recent hurricane evacuation study for the
region were used to identify the sampling areas. A copy of the generic questionnaire

used in the post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of

confidence of being within 5 to 8 percentage points of the true population values. With a
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sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of
the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17
percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few

cases responses were invalid.



Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer.
Approximately 75% evacuated from the surge areas, and even from the non-surge areas
of coastal counties (Table 1). The non-surge participation rate was unusually high.
There was a pronounced “shadow” evacuation in adjacent non-coastal counties (i.e.,

evacuation from areas not told by officials to evacuate).

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=211 N=99 N=98
Evacuated 78 68 69 49

The plurality of the residents who did not evacuate gave the same reason: they felt their
home would be safe enough, given their beliefs about the likely track and strength of the
storm (Table 2). Many also observed the heavy traffic and decided not to leave,
especially from the coastal counties. Some said they attempted to evacuate but gave up

because of the traffic.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=41 N=59 N=29 N=50
House OK for
Storm 49 25 35 63
Officials Said
Stay 2 3
Media Said
Stay 2 3
Friends Said
Stay 5 2 3 5
Officials Didn’t
Say Leave 2 2 14 13
Probabilities
Low 7 8 17 11
Other Info.
Would Miss 2 4 14




Table 2. Why Stayed (Percent of Respondents) continued

No Transport 2 2

No Place to Go 2 2 3
Protect from

Looters 2 3
Protect from

Storm 5 6 7

Left in Past

Miss 15 4 3

Job 7 10 17 11
Waited Too

Long 7 12

Traffic 24 27 38 8
Tried, Gave Up 5 2 3

Dangerous on

Road 5 6 10

Pets 2 10 3 3
Required

Medical Care 4

Other 7 15 7 21
Don’t Know 6 3

Jobs were mentioned by some as a reason for not leaving, and respondents were asked
specifically whether anyone in their household had to work during Floyd and how that
affected their evacuation (Tables 3, 4). One-third said someone in the household had to
work, and many said it delayed their departure. Some said it kept at least part of the

household from evacuating at all.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=213 N=99 N=98
Yes 32 32 44 31
No 69 68 56 69
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=64 N=67 N=44 N=32
None 38 37 36 62
Kept All from
Leaving 3 6 7 4
Kept Part from
Leaving 5 8 14 8
Delayed All in
Leaving 42 43 34 23
Delayed Part in
Leaving 11 5 2
Other 2 2 7 4

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and more than a third said they would have

(Table 5). Most also said they had made the necessary preparations to leave in case

conditions worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=42 N=59 N=31 N=52
Would Have Left 38 39 39 40
Wouldn’t Have Left 43 51 39 51
Don’t Know 14 11 19 9
Other 5 4

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=42 N=59 N=31 N=52
Had Prepared 62 57 62 56
Hadn’t Prepared 38 43 39 42
Don’t Know 2

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials (including the NWS) and concern

about storm conditions (Table 7.) Friends and the media played slightly lesser roles.
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Table 7. Why Evacuees Left (Percent of Respondents

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=143 N=63 N=46
Officials Said
Leave 40 30 25 17
NWS Said
Leave 11 17 16 17
Police/Fire Said
Leave 3 5 2 2
Media Said
Leave 19 11 30 12
Friend Said
Leave 8 14 16 20
Storm Severe 33 34 33 39
Heard “Bad as
Hugo/Andrew” 16 20 16 20
Increased in
Strength 4 3 6
Concerned
about Flooding 10 11 10
Concerned
about Winds 2 10 16 12
Concerned re.
Road Flooding 2 2
Probability of
Hit 9 11 9 9
Post-Storm
Concerns 3 2
Other 6 11 16 26
Don’t Know 3 2

In an attempt to separate the effect of messages disseminated by government officials via

the media from the effect of other information heard via the media, respondents were

asked which had the greater impact on their decision to evacuate.

officials had the greater impact, according to respondents (Table 8).
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Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=157 N=143 N=66 N=45

Media Info from

Gov'’t Officials 60 63 46 70
Other Media Info 31 23 32 23
Info from Friends 7 7 9 8
Other 9 6 18 5
Don’t Know 2 1 3 3

Interviewees were also asked whether they heard from officials — either directly or
indirectly — that they should evacuate. A majority in the coastal counties and half in the
non-coastal counties said they did (Table 9). People who heard evacuation notices were
more likely than others to evacuate, especially if they thought the evacuation notice was

mandatory (Table 10).

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=203 N=210 N=99 N=99
Heard Notices 79 77 70 49
Didn’t Hear 20 22 26 50
Don’t Know 1 1 4 2

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample size varies by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 86 82 81 71
Heard Should 74 56 80 63
Didn’t Hear 68 59 46 29




Many residents of the study area, even in surge areas, believe they would be safe in a 125

MPH hurricane in their own homes (Table 11a).

In all four risk zones people who

perceived their homes to be vulnerable were substantially more likely than others to

evacuate (Table 11b).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=203 N=210 N=99 N=99
Safe 32 41 41 44
Unsafe 59 52 49 43
Don’t Know 9 7 10 12

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 62 49 51 30
Unsafe 89 82 83 64
Don’t Know 67 67 70 50
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Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 14 and 15, with
the steepest portion of the response on the 14™. By the end of the day of the 14™ 70% of
the evacuees had left. A hurricane watch was issued for Charleston at 11 PM on the 13th,

followed by a warning at 5 PM on the 14™.
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). Only one to two percent said they went to public shelters.

Table 12. Refuges Uses by Evacuees

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=159 N=143 N=64 N=46

Public Shelter 1 1 2 2
Church 2 2

Friend/Relative 59 64 64 61
Hotel/Motel 31 27 28 32
Workplace 1 1 2

Other 4 3 5
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Destination and Transportation Issues

Almost all evacuees left their own county, going elsewhere in South Carolina, North

Carolina, and Georgia (Tables 13, 14). These are much higher out-of-county destinations

than normally observed in hurricane evacuations and higher than in past evacuations in

South Carolina. At least some of the coastal counties in parts of South Carolina issued

evacuation notices for the entire county.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=159 N=147 N=70 N=46
Own Neighborhood 3 7 1 5
Own County 6 6 4 2
Out of County 91 87 95 93

Table 14. Percent of out-of-county evacuees, by state destination

Florida <1
Georgia 17
South Carolina 45
North Carolina 25
Virginia 2
Alabama 2
Tennessee 5
Other 3

Going out of county was prompted by three main factors: the strength of the storm, the

location of friends and family, and the lack of closer motels (Table 15). As noted above,

entire counties were told to evacuate by officials. Information from government officials

conveyed by the media was a larger influence than other media information (Table 16).
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Table 15. Why Went Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=145 N=125 N=65 N=42
Strength of Storm 32 38 28 18
Previous Hurri-
cane Experience 6 14 7 13
Comparisons to
Hugo/Andrew 6 10 7 10
Officials Said
Leave County 3 7 3
Media Said Leave
County 6 3 2
Friend Said Leave
County 6 12 12 16
Friend Lives in
Destination 52 44 48 45
No Public Shelter
Closer 1 3 2 2
No Motels Closer 15 16 22 21
Other 9 9 7 8
Don’t Know 1 2 5
Table 16. Greatest Influence for Going Out of County
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=145 N=126 N=64 N=42
Media Info from
Gov'’t Officials 50 56 34 60
Other Media Info 26 18 22 24
Info from Friends 9 18 25 16
Other 14 10 20 16
Don’t Know 2 1 3

Approximately 80% of the evacuees from most risk areas eventually reached their

destinations (Table 17).

Of those who changed destinations, some went someplace

farther than anticipated and some went someplace closer (Table 18). Traffic, location of

refuge, and fatigue were the main reasons for changing destinations (Table 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=143 N=68 N=46
Yes 83 80 77 83
No 17 20 24 17

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=27 N=31 N=17 N=8
Farther 30 26 53 63
Closer 59 58 41 25
Same 11 13 6 13
Don’t Know 3
Table 19. Why Changed Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=27 N=29 N=I15 N=8

Traffic 56 83 35 33
Better Route 7
Loc. of Refuge 22 14 47 67
Out of Gas 3
Tired 19 14
Hungry
Bathroom 4
Storm Strengthened 7 3
Storm Close 10
Other 26 10 18 33
Don’t Know 7 3

Most people from coastal counties said they heard about traffic problems on evacuation

routes before leaving home (Table 20). Of those who heard about such problems before

leaving, most changed their evacuation route plans (Table 21).
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=142 N=61 N=46
Yes 55 58 59 49
No 45 42 39 51
Don’t Know 1 2

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=87 N=82 N=36 N=20
Yes 56 54 58 60
No 43 46 42 40
Don’t Know 1

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home. Most said they did

(Table 22), but most of them did not change their route plans accordingly (Table 23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=87 N=80 N=36 N=20
Yes 61 56 50 70
No 39 44 50 30
Don’t Know

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=53 N=45 N=18 N=14
Yes 51 40 44 36
No 49 60 56 64
Don’t Know
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Most evacuees from coastal counties used interstate highways for at least part of their
evacuation (Table 24). Most from non-coastal counties did not. Those who used
interstates in Floyd gave a mixture of future intentions concerning road use, but the
overall tendency appeared to be flexibility, depending upon the circumstances (Table 25).
More than 70% of the respondents from most areas said they were familiar with the roads
in the area through which they evacuated (Table 26). Approximately 60% to 75% also
said they would be willing to use a different route than they would normally use if
government officials urged them to do so to avoid congestion, even if the route took them
out of their way (Table 27). In most areas only about 10% said they would be unwilling
to comply with that sort of request by officials.

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=158 N=140 N=61 N=46
Yes 53 53 61 44
No 47 46 39 56
Don’t Know 1

Table 25. Routes to be Used in the Future

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=84 N=76 N=37 N=18
Interstate 35 26 38 33
Secondary Roads 30 41 32 56
Both 5 9 11
Depends on Traffic 14 5 14
Depends on Other 8 11 11
Other 4 3
Don’t Know 5 5 5
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Table 26. Familiar with Roads in Area

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=143 N=61 N=46
Yes 74 71 62 78
No 26 25 38 22
Don’t Know 4

Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=143 N=61 N=46

Yes 72 69 57 76

No 11 11 18 7
Depends How

Much Longer 1 6 5 2
Depends on Other 10 11 15 12
Other 1 2

Don’t Know 5 5 3 2

More than two-thirds of the respondents said it took them more than five hours to
reach their destination, and more than a third said it took 10 or more hours (Table 28).
Non-coastal counties and surge zones outside the category 1 zone had lower times than
the other two risk areas. Anticipated evacuation travel times were much lower than
actual (Table 29). When asked how long it was reasonable for an evacuation like Floyd’s
to take, most respondents gave times shorter than the actual evacuation but slightly longer

than their original expectation (Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=143 N=67 N=45

Less than 2 9 14 9 15
2to5 17 22 10 13
5to0 10 31 30 24 45
10to 15 25 19 33 15
151020 9 12 18 12
20 or more 9 3 6 0

Mean No. Hrs 9.3 8.0 10.1 7.7
Median No. Hrs 8.0 7.0 10.0 7.0
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Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=158 N=136 N=67 N=45

Less than 2 14 21 12 18
2to5 49 47 28 47
5to0 10 33 30 44 30
10to 15 3 2 16 5

15t0 20 1 0 0 0

20 or more 0 0 0 0

Mean No. Hrs 4.1 3.8 5.7 4.2
Median No. Hrs 4.0 3.5 5.5 4.0

Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=155 N=130 N=65 N=45

Less than 2 11 16 9 15
2to5 32 38 23 35
5t0 10 52 42 45 40
10to 15 5 4 22 8

15 to 20 0 0 1 2

20 or more 0 0 0

Mean No. Hrs 5.2 4.5 6.7 4.8
Median No. Hrs 5.0 43 7.0 43

Most people thought the traffic delays were caused mainly by the sheer volume of traffic

and the fact that too many people left at once (Table 31). Many also cited poor traffic

management and advocated reversing lane directions. The great majority of respondents

said they would be willing to cooperate in a phased evacuation in which they would delay

their departure for a few hours until people in a more dangerous location had begun their

evacuation (Table 32).
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Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=144 N=67 N=41
Number of Cars 60 66 51 51
All Left at Once 31 46 25 51
Waited too Long 3 10 5 6
Construction 1 3 3 3
Accidents 4 6 13 11
Poor Traffic
Management 45 42 43 31
Need Reverse
Lanes 20 14 28 11
Bad Weather 1 3 3
Other 13 9 20 9
Don’t Know 8 6 10 14

Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=213 N=99 N=98

Yes 81 76 73 86
Depends on

Storm’s Proximity 3 6 5 2
Depends on

Storm’s Strength 2 2 2 5
Other 1 2 1

Don’t Know 5 5 7 4

No 8 9 12 4

Most evacuees did not cite specific difficulties experienced during the evacuation.
Needing restroom facilities was most common, but a few ran out of gas or had
mechanical breakdowns (Table 33). Almost half the evacuees said they heard about
places where they could find shelter if they weren’t able to reach their destinations (Table
34). Few changed their plans about seeking shelter as a result (Table 35). Most

interviewees reported no difficulties returning from the evacuation (Table 36).
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Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=144 N=68 N=46
Ran Out of Gas 3 4 2 3
Car Broke Down 3 3 2 3
Needed Water 4 13 3 3
Needed Food 5 11 3 9
Needed Restroom 15 25 21 20
Other Difficulties 1 1 2 6
No Difficulties 80 69 75 74

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=143 N=61 N=46
Yes 40 42 41 51
No 54 55 57 46
Don’t Know 6 4 2 2

Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=63 N=59 N=25 N=20
Yes 2 3 8
No 98 97 92 100
Don’t Know

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=159 N=144 N=61 N=46
Lack of
Information 1 2 3
Roads Blocked 1 4 2 3
Traffic Congested 4 8 12 11
Re-entry Not
Permitted 1 2
Other Difficulties 1 1 3
No Difficulties 94 89 84 83

8-19




Vehicle use was consistent with most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). Few households required assistance in evacuating, and in

most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=157 N=144 N=67 N=45
Percent of
Available 67 64 58 65
Avg. Number Per
Household 1.32 1.36 1.28 1.38
Pulled Trailer,
Took Motorhome 6 2 3 5
Table 38. Required Assistance in Evacuating (As a Percent of All Households)
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=211 N=99 N=98
Yes, Within
Household 3 2 3
Yes, Friend/
Relative 2 1
Yes, Agency
No 95 97 97 100

Local television was relied upon most heavily by the respondents for information about

Floyd, followed by The Weather Channel (Table 39). Local radio was the third most

relied-upon source of information.

Table 39. Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=203 N=213 N=99 N=98

Local Radio 29 38 38 31
Local Television 68 72 76 80
CNN 12 19 13 10
Weather Channel 55 47 45 45
Other Cable 2 6 5 0

Internet 11 9 6 6

AOL 5 5 3 1

Word of Mouth 5 10 8 14
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Many (but not most) respondents in the sample said if faced with the same circumstances

again as in Floyd they would either leave earlier or not at all (Table 40). Some would

seek a different evacuation route.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=200 N=211 N=99 N=99
Would Leave 2 7 3 3
Wouldn’t Leave 20 12 20 12
Leave Earlier 18 30 26 12
Leave Later 7 5 1 14
Go Farther 2 2 4
Go Closer 3 1 1 1
Use Public Shelter 1
Not Use Pub Shltr 1
Different Route 8 15 9 5
Buy Gasoline 1 3
Take Provisions 2 4 2 3
Other 4 6 6 8
Don’t Know 3 4 2 4
Nothing Different 46 44 42 61
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Chapter 9
Public Response to Hurricane Floyd
In Northern South Carolina

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in the northern region of South
Carolina, including the coastal counties of Horry and Georgetown. The sample was

stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge

4. 100 interviews in non-coastal counties adjacent to the coastal counties.

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. A copy of the generic questionnaire used in

post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a

sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of
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the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17
percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8§

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. =~ When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables data refer to percentages of respondents. In some questions

respondents could give more than one answer, resulting in totals exceeding 100%.
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Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In

the surge areas more than 60% evacuated (Table 1). The “shadow” evacuation in other

risk areas (i.e., evacuation from areas not told by officials to evacuate) was substantial,

contributing to the evacuating traffic.

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=208 N=206 N=128 N=109
Evacuated 67 61 37 21

Most of the residents who did not evacuate gave the same reason: they felt their home

would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2). No other single reason was prominent in the responses.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=65 N=79 N=79 N=83
House OK for 46 52 63 90
Storm
Officials Said 2 1 4 1
Stay
Media Said 2 3 3 1
Stay
Friends Said 2 4 4 5
Stay
Officials Didn’t 3 6 4 2
Say Leave
Probabilities 8 9 14 2
Low
Other Info. 0 6 3 0
Would Miss
No Transport 2 1 0 0
No Place to Go 6 4 1 4
Protect from 2 3 1 1
Looters




Table 2. Why Stayed (Percent of Respondents) continued

Protect from 6 1 3 1
Storm

Left in Past 12 9 5 10
Miss

Job 3 8 4 4
Waited Too 3 8 4 4
Long

Traffic 12 10 10 2
Tried, Gave Up 0 0 0 0
Dangerous on 6 3 3 0
Road

Pets 2 3 5 1
Required 0 0 0 0
Medical Care

Other 12 10 27 2
Don’t Know 8 9 0 1

Jobs were mentioned by some, and respondents were asked specifically whether anyone

in their household had to work during Floyd and how that affected their evacuation

(Tables 3, 4). At least a fifth said someone in the household had to work, and some (but

not most) said it either prevented part of the household from evacuating or delayed their

departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=208 N=206 N=127 N=109
Yes 21 25 31 27
No 89 75 69 73
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=44 N=52 N=39 N=29
None 61 50 59 83
Kept All from 7 6 10 3
Leaving
Kept Part from 2 6 0 0
Leaving
Delayed All in 18 27 15 10
Leaving
Delayed Part in 7 6 3 0
Leaving
Other 5 6 13 3

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and in coastal counties more than half said they

would have (Table 5). Most also said they had made the necessary preparations to leave

in case conditions worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=68 N=81 N=79 N=85
Would Have Left 69 53 52 40
Wouldn’t Have Left 27 38 27 45
Don’t Know 4 9 22 15

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=68 N=81 N=81 N=85
Had Prepared 78 67 65 58
Hadn’t Prepared 21 32 35 39
Don’t Know 2 1 0 4

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials, messages from friends and media,

and concern about storm conditions (Table 7.)
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Table 7. Why Left (Percent of Res

ondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=137 N=123 N=46 N=21
Officials Said 20 22 11 5
Leave
NWS Said 13 18 11 10
Leave
Police/Fire Said 2 6 0 5
Leave
Media Said 15 23 7 14
Leave
Friend Said 17 12 22 14
Leave
Storm Severe 31 24 26 29
Heard “Bad as 10 6 9 5
Hugo/Andrew”
Increased in 6 3 20 0
Strength
Concerned 7 7 4 10
about Flooding
Concerned 12 19 28 24
about Winds
Concerned re. 2 1 2 0
Road Flooding
Probability of 12 16 20 10
Hit
Post-Storm 4 10 26 0
Concerns
Other 12 10 26 0
Don’t Know 0 1 2 5

In an attempt to separate the effect of messages disseminated by government officials via

the media from the effect of other information heard via the media, respondents were

asked which had the greater impact on their decision to evacuate.

Information from

officials had the greater impact in three of the four risk areas, according to respondents

(Table 8).
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Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=137 N=121 N=46 N=22

Media Info from 46 60 33 55
Gov’t Officials

Other Media Info 32 29 42 18
Info from Friends 18 10 22 27
Other 8 5 2 5
Don’t Know 2 2 7 0

Interviewees were also asked whether they heard from officials — either directly or

indirectly — that they should evacuate. In surge areas a majority said they did (Table 9).

Those who did hear evacuation notices were more likely than others to evacuate,

particularly if they believed the notice to be mandatory (Table 10).

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=208 N=205 N=127 N=108
Heard Notices 69 55 25 19
Didn’t Hear 30 43 72 80
Don’t Know 1 2 2 1

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample sizes vary by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 84 76 78 50
Heard Should 63 65 63 44
Didn’t Hear 52 46 28 15
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Quite a few people in the coastal counties, even those living in surge zones, believe they

would be safe in a 125 MPH hurricane in their own homes (Table 11a). In all four risk

zones people who perceived their homes to be vulnerable were more likely than others to

evacuate (Table 11b).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=208 N=205 N=127 N=108
Safe 39 46 38 51
Unsafe 53 42 48 37
Don’t Know 8 12 15 12

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 53 56 21 13
Unsafe 76 70 53 33
Didn’t Hear 75 50 26 23
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Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 14 and 15, with
the steepest portion of the response on the 15™, Thirty-five percent of the eventual
evacuees had left by noon on the 14", and 70% had left by 6AM on the 15th. A
hurricane watch was issued for the area at 11 PM on the 13", followed by a warning at 5

PM on the 14",
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). Six percent or fewer of those interviewed said they went to public

shelters.

Table 12. Refuges Uses by Evacuees

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=132 N=121 N=47 N=23
Public Shelter 2 3 6 0
Church 0 3 6 13
Friend/Relative 67 60 68 70
Hotel/Motel 24 28 13 13
Workplace 0 2 2 4
Other 6 5 4 0
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Evacuation Destinations and Transportation Issues

Most coastal evacuees left their own county (Table 13). Slightly fewer than half went to

destinations in South Carolina, with 33% going into North Carolina (Table 14).

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=136 N=122 N=48 N=23
Own Neighborhood 5 6 33 57
Own County 16 11 10 17
Out of County 79 83 56 26

Table 14. Percent of out-of-county evacuees, by state destination

Florida <1
Georgia 8
South Carolina 47
North Carolina 33
Virginia 5
Alabama <1
Tennessee 3
Other 4

Going out of county was motivated by three main factors: the strength of the storm, the

location of friends and family, and the lack of closer motels (Table 15). In categoryl

surge areas information from government officials conveyed by the media had about the

same influence as other media information (Table 16). Outside the categoryl surge arecas

government information had a greater influence.




Table 15. Why Went Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=107 N=101 N=27 N=6
Strength of Storm 26 26 30 17
Previous Hurri- 8 7 7 0
cane Experience
Comparisons to 3 9 4 0
Hugo/Andrew
Officials Said 2 4 0 0
Leave County
Media Said Leave 5 1 0 0
County
Friend Said Leave 10 12 15 0
County
Friend Lives in 42 44 52 50
Destination
No Public Shelter 3 6 0 0
Closer
No Motels Closer 19 20 15 33
Other 19 13 15 0
Don’t Know 1 2 0 0
Table 16. Greatest Influence for Going Out of County
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=105 N=105 N=27 N=5
Media Info from 33 51 52 20
Gov’t Officials
Other Media Info 30 17 22 20
Info from Friends 28 41 40
Other 15 9 0 20
Don’t Know 3 4 4 0

More than 80% of the evacuees eventually reached their destinations (Table 17). Of

those who changed destinations, most went someplace farther than anticipated (Table

18). Too few changed destinations to elicit useful insights regarding reasons for making

the changes (Table 19).
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Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=123 N=47 N=23
Yes 90 83 89 100
No 9 15 9 0
Don’t Know 1 2 2 0

Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=12 N=18 N=4 N=0
Farther 58 61 100
Closer 33 33 0
Same 8 0 0
Don’t Know 0 6 0
Table 19. Why Changed Destination
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=11 N=17 N=4 N=0
Traffic 0 18 0
Better Route 0 6 0
Loc. of Refuge 9 18 25
Out of Gas 0 0 0
Tired 9 12 25
Hungry 0 0 0
Bathroom 0 0 0
Storm Strengthened 18 24 0
Storm Close 18 12 0
Other 55 24 50
Don’t Know 0 12 0

Most people from surge areas, and almost half from other parts of coastal counties said

they heard about traffic problems on evacuation routes before leaving home (Table 20).

Of those who heard about such problems before leaving home, most did not change their

evacuation route plans (Table 21).
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=137 N=122 N=47 N=23
Yes 51 58 45 26
No 46 41 53 74
Don’t Know 3 1 2 0

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=70 N=71 N=20 N=6
Yes 24 28 15 33
No 76 72 85 67

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home. Fewer than half said

they did (Table 22). Most of those who did hear did not change their route plans
accordingly (Table 23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=70 N=71 N=21 N=6
Yes 40 42 43 17
No 59 55 57 83
Don’t Know 1 3 0 0

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=28 N=30 N=9 N=1
Yes 25 33 11 0
No 75 67 89 100

Most evacuees from surge areas used interstate highways for at least part of their

evacuation (Table 24). Those who used interstates in Floyd were inclined to use them

again (Table 25). The great majority of the respondents said they were familiar with the
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roads in the area through which they evacuated (Table 26). More than 70% also said they

would be willing to use a different route than they would normally use if government

officials urged them to do so to avoid congestion, even if the route took them out of their

way (Table 27).

Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=137 N=123 N=46 N=23
Yes 55 51 44 26
No 45 48 57 74
Don’t Know 1 1 0 0
Table 25. Routes to be Used in the Future
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=75 N=62 N=20 N=6
Interstate 63 68 75 50
Secondary Roads 13 11 0 33
Both 5 5 15 0
Depends on Traffic 1 13 5 0
Depends on Other 8 0 5 17
Other 1 0 0 0
Don’t Know 8 3 0 0
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=124 N=47 N=23
Yes 89 86 100 96
No 10 13 0 4
Don’t Know 2 2 0 0
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Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=124 N=46 N=22

Yes 72 74 78 91
No 11 12 2 0
Depends How 3 7 2 9
Much Longer

Depends on Other 10 6 15 0
Other 2 0 0
Don’t Know 3 1 2 0

Less than half the respondents said it took them five or more hours to reach their

destination (Table 28). Still, times were longer than expected (Table 29). When asked

how long it was reasonable for an evacuation like Floyd’s to take, most respondents gave

times shorter than the actual evacuation but slightly longer than their original expectation

(Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=134 N=120 N=47 N=23
Less than 2 34 36 62 91
2to5 37 38 19 9
5to 10 24 20 19 0
10 or more 5 7 0 0
Mean No. Hrs 4.2 4.2 2.8 5
Median No. Hrs 3.5 3.0 1.5 5

Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=130 N=112 N=45 N=23
Less than 2 39 40 62 96
2to5 44 46 24 4
5to 10 14 12 13 0
10 or more 3 2 0 0
Mean No. Hrs 34 3.2 2.3 5
Median No. Hrs 3.0 3.0 1.0 5
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Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=123 N=104 N=44 N=22
Less than 2 37 41 59 96
2to5 36 37 18 5
5to0 10 25 20 23 0
10 or more 2 2 0 0
Mean No. Hrs 3.9 3.5 3.0 5
Median No. Hrs 3.0 3.0 1.8 5

Most people thought the traffic delays were caused mainly by the sheer volume of traffic

and the fact that too many people left at once (Table 31). Some also cited poor traffic

management, and a few advocated reversing lane directions. More than 80% of the

respondents said they would be willing to cooperate in a phased evacuation in which they

would delay their departure for a few hours until people in a more dangerous location had

begun their evacuation (Table 32).

Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=124 N=47 N=22
Number of Cars 29 45 36 22
All Left at Once 29 43 38 30
Waited too Long 6 14 13 0
Construction 2 2 0 4
Accidents 4 2 9 0
Poor Traffic 12 22 4 13
Management
Need Reverse 5 9 0 0
Lanes
Bad Weather 6 7 17 0
Other 24 9 4 9
Don’t Know 23 19 38 57
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Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=208 N=205 N=128 N=108

Yes 82 88 91 88
Depends on 3 4 2 2
Storm’s Proximity

Depends on 5 1 2 0
Storm’s Strength

Other 1 1 0 0
Don’t Know 3 3 4 7

No 5 3 2 4

Over 90% of the evacuees did not cite specific difficulties experienced during the
evacuation. Needing restroom facilities was most common, but a few had mechanical
breakdowns (Table 33). About half of the evacuees said they heard about places where
they could find shelter if they weren’t able to reach their destinations (Table 34). Few
changed their plans about seeking shelter as a result (Table 35). Many interviewees
reported roads being blocked by water when returning from the evacuation, but most

reported no difficulties (Table 36).

Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=124 N=47 N=22
Ran Out of Gas 0 0 0 0
Car Broke Down 2 2 0 0
Needed Water 0 0 0 0
Needed Food 2 1 0 0
Needed Restroom 4 2 0 0
Other Difficulties 0 0 0 0
No Difficulties 94 96 100 100
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Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=124 N=47 N=22
Yes 43 41 45 46
No 51 52 55 50
Don’t Know 7 7 0 5

Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=57 N=50 N=21 N=10
Yes 2 4 5 0
No 98 96 95 100
Table 36. Difficulties Experienced Returning from Evacuation
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=136 N=124 N=50 N=23
Lack of 0 1 0 0
Information
Roads Blocked by 17 12 26 9
Water/Debris
Traffic Congested 6 8 4 0
Re-entry Not 1 1 4 0
Permitted
Other Difficulties 0 0 4 0
No Difficulties 78 82 68 99

Vehicle use was close to that in most evacuations, in which 65% to 75% of the available
vehicles are used (Table 37). Few households required assistance in evacuating, and in

no one said outside agencies were required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=137 N=123 N=47 N=22
Percent of 59 63 63 69
Available
Avg. Number Per 1.18 1.25 1.26 1.09
Household
Pulled Trailer, 4 1 2.3 0
Took Motorhome

9-19




Table 38. Required Assistance in Evacuating (As a Percent of All Households)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=137 N=124 N=47 N=23

Yes, Within 2 1 9 0
Household

Yes, Friend/ 1 3 2 4
Relative

Yes, Agency 0 0 0 0

No 97 96 89 96

Local television was relied upon most heavily by the respondents for information about

Floyd, followed by The Weather Channel (Table 39). Local radio and CNN were then

next most relied-upon sources of information.

Table 39. Sources Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=207 N=202 N=128 N=108
Local Radio 27 31 27 23
Local Television 75 73 75 87
CNN 29 27 28 22
Weather Channel 63 63 66 46
Other Cable 8 9 6 4
Internet 9 6 3 2
AOL 4 3 0 1
Word of Mouth 10 10 13 8

Most respondents in the sample said they wouldn’t do anything differently if faced with

the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Some would plan to leave earlier.
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Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=208 N=205 N=128 N=109
Would Leave 5 8 5 7
Wouldn’t Leave 14 12 4 3
Leave Earlier 8 9 6 5
Leave Later 4 2 1 0
Go Farther 3 2 0 1
Go Closer 3 2 2 0
Use Public Shelter 0 0 1 0
Not Use Pub Shltr 1 2 0 0
Different Route 1 2 2 1
Buy Gasoline 2 2 1 0
Take Provisions 4 2 1 1
Other 2 5 8 5
Don’t Know 5 3 5 7
Nothing Different 63 64 76 71
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Chapter 10
Public Response to Hurricane Floyd
In Southeastern North Carolina

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in southeastern North Carolina,
in the Wilmington region. This included the coastal counties of Brunswick, New

Hanover, Pender, and Onslow. The sample was stratified as follows:

1. 200 interviews in areas at risk to storm surge in category 1 hurricanes

2. 200 interviews in areas at risk to storm surge in stronger hurricanes

3. 100 interviews in areas of coastal counties not subject to inundation by
storm surge

4. 100 interviews in non-coastal counties adjacent to the coastal counties.

Evacuation zones defined in the most recent hurricane evacuation study for the region
were used to identify the sampling areas. A copy of the generic questionnaire used in

post-Floyd surveys is included as Appendix I.

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of

the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17
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percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables data refer to percentages of respondents. In response to some
questions respondents could give more than one answer, resulting in totals exceeding

100%.
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Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. In
the category 1 risk zone, more than half evacuated, as did slightly less than half in other
surge zones (Table 1). The “shadow” evacuation in other risk areas (i.e., evacuation from
areas not told by officials to evacuate) was substantial, contributing to the evacuating

traffic.

Table 1. Percent who left their homes in Floyd, by risk zone

Cat 1 Other Coastal Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=196 N=199 N=103 N=102
Evacuated 57 44 30 28

Most of the residents who did not evacuate gave the same reason: they felt their home
would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2). No other single reason was prominent in the responses.

Table 2. Why Stayed (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=80 N=102 N=70 N=68
House OK for
Storm 65 61 81 82
Officials Said
Stay 8 1 2
Media Said
Stay 1 1 1 3
Friends Said
Stay 8 3 1 4
Officials Didn’t
Say Leave 8 5 7 9
Probabilities
Low 4 9 9 6
Other Info.
Would Miss 3 6 6 2
No Transport 1
No Place to Go 4 5 6 3
Table 2. Why Stayed (Percent of Respondents) continued
Protect from
Looters 1
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Protect from

Storm 11 2 1

Left in Past

Miss 14 6 9 4
Job 9 8 3 3
Waited Too

Long 3 1

Traffic 10 7 6

Tried, Gave Up

Dangerous on

Road 4

Pets 9 7
Required

Medical Care 1 2
Other 15 19 14 15
Don’t Know 3 7

Jobs were mentioned by some, and respondents were asked specifically whether anyone

in their household had to work during Floyd and how that affected their evacuation

(Tables 3, 4). At least a fourth said someone in the household had to work, and some

(but not most) said it either prevented part of the household from evacuating or delayed

their departure.

Table 3. Someone in Household Had to Work in Floyd

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=196 N=199 N=103 N=103
Yes 29 25 34 28
No 71 75 66 72
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Table 4. How Work Affected Evacuation in Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=56 N=48 N=35 N=29
None 64 81 74 83
Kept All from
Leaving 5 6 11 7
Kept Part from
Leaving 2 3
Delayed All in
Leaving 21 13 6 3
Delayed Part in
Leaving 2 3
Other 5 3 7

Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and almost half said they would have (Table 5).

Most in surge zones also said they had made the necessary preparations to leave in case

conditions worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=83 N=109 N=72 N=72
Would Have Left 39 44 46 42
Wouldn’t Have Left 46 44 44 44
Don’t Know 15 12 10 14

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=83 N=109 N=72 N=72
Had Prepared 76 78 51 40
Hadn’t Prepared 23 21 49 57
Don’t Know 1 1 3

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials and concern about storm conditions

(Table 7.)
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Table 7. Why Left (Percent of Res

ondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=109 N=82 N=30 N=29
Officials Said
Leave 22 10 7 3
NWS Said
Leave 18 21 7 3
Police/Fire Said
Leave 4 4 3
Media Said
Leave 13 17 7
Friend Said
Leave 10 17 6 24
Storm Severe 46 44 31 24
Heard “Bad as
Hugo/Andrew” 11 2 8 3
Increased in
Strength 5 9 7 3
Concerned
about Flooding 12 9 3 14
Concerned
about Winds 12 18 40 28
Concerned re.
Road Flooding 4 4 7
Probability of
Hit 7 17 10 3
Post-Storm
Concerns 3 2
Other 17 10 10 41
Don’t Know 1 1

In an attempt to separate the effect of messages disseminated by government officials via

the media from the effect of other information heard via the media, respondents were

asked which had the greater impact on their decision to evacuate.

Information from

officials had the greater impact in the category 1 surge zone, but not in other areas,

according to respondents (Table 8).
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Table 8. Greatest Influence to Leave (Percent of Respondents)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=109 N=87 N=31 N=30

Media Info from

Gov'’t Officials 55 40 31 17
Other Media Info 30 41 45 23

Info from Friends 19 16 19 37
Other 6 8 3 30
Don’t Know 1 3 3

Interviewees were also asked whether they heard from officials — either directly or

indirectly — that they should evacuate. Only in the category 1 risk area did a majority say

they did, and even there almost as many did not (Table 9).

Those who did hear

evacuation notices were more likely than others to evacuate, particularly if they believed

the notice to be mandatory (Table 10).

Table 9. Heard Evacuation Notices from Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=196 N=198 N=102 N=102
Heard Notices 51 32 26 11
Didn’t Hear 47 65 74 89
Don’t Know 3 3 1 0

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials
(Sample sizes vary by cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Heard Must 84 85 67 100
Heard Should 63 63 50 83
Didn’t Hear 37 30 21 22

Many people living in all four risk areas believe they would be safe in a 125 MPH

hurricane in their own homes (Table 11a). Only in the category 1 surge zone did a

majority say their homes would be unsafe, and then by a small margin. In all four risk

zones people who perceived their homes to be vulnerable were more likely than others to

evacuate (Table 11b).
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Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=196 N=199 N=103 N=102
Safe 41 57 62 41
Unsafe 51 32 28 44
Don’t Know 9 10 10 15

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
Safe 41 39 19 19
Unsafe 72 47 52 47
Don’t Know 47 65 40 0
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Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 14 and 15, with
the steepest portion of the response on the 15™, Thirty percent of the eventual evacuees
had left by 8 AM on the 15™. A hurricane watch was issued for the area at 5 PM on the
14™, followed by a warning at 11 AM on the 15"

Cumulative Evacuation
Southeastern North Carolina Region
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Use of Public Shelters and Other Refuges

The great majority of evacuees went to the homes of friends and relatives or to hotels and

motels (Table 12). Only one to two percent of those interviewed said they went to public

shelters.

Table 12. Refuges Uses by Evacuees

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-Surge Counties
N=105 N=83 N=30 N=28

Public Shelter 1 2

Church 4 3

Friend/Relative 73 64 77 79
Hotel/Motel 19 22 7 11
Workplace 4 10

Other 3 8 3 11
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Evacuation Destinations and Transportation Issues

Most evacuees left their own county, going elsewhere in North Carolina (Tables 13, 14).

Fifteen percent went into Virginia or northward, and 9% went into South Carolina.

Table 13. Percent of evacuees by destination, by risk zone

Cat 1 Other Coast Non- Non-Coastal
Surge Zone Surge Zones Surge Counties
N=105 N=83 N=30 N=28
Own Neighborhood 15 17 30 25
Own County 24 13 10 50
Out of County 61 70 60 25

Table 14. Percent of out-of-county evacuees, by state destination

Florida

Georgia

South Carolina

North Carolina

Virginia

Alabama

Tennessee

Other (north of VA)

\IHoOOU\]JOI\)o

Going out of county (beyond the surge inundation limits) was motivated by three main

factors: the strength of the storm, the location of friends and family, and the lack of

closer motels (Table 15). In surge areas information from government officials conveyed

by the media had about the same influence as other media information (Table 16).

Outside the surge areas non-government information had a greater influence, although the

small number of respondents in these areas diminishes the reliability of the data.

Table 15. Why Went Out of County

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zone Non-surge Counties

N=66 N=61 N=18 N=7

Strength of Storm 32 38 50

Previous Hurri-

cane Experience 11 8

Comparisons to

Hugo/Andrew 5

Officials Said

Leave County 5 2

Media Said Leave
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County

Friend Said Leave

County 8 8 6 14
Friend Lives in
Destination 53 49 44 71
No Public Shelter
Closer
No Motels Closer 9 7 17
Other 14 16 14
Don’t Know 2 2
Table 16. Greatest Influence for Going Out of County
Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=66 N=62 N=17 N=8
Media Info from
Gov’t Officials 35 34 11 13
Other Media Info 32 36 41 38
Info from Friends 17 29 35 38
Other 20 8 12 13

Don’t Know

Ninety percent of the evacuees from most risk areas eventually reached their destinations

(Table 17). Of those who changed destinations, most went someplace closer than

anticipated (Table 18). Traffic was the main reason for changing destinations, but the

figures are based on a small number of respondents (Table 19).

Table 17. Whether Reached Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=110 N=88 N=31 N=30
Yes 93 93 87 93
No 7 6 10 7
Don’t Know 1 3
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Table 18. Proximity of New Destination, Compared to Original Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=8 N=4 N=3 N=2
Farther 13 25 33 100
Closer 75 75 67
Same 13
Don’t Know
Table 19. Why Changed Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=8 N=4 N=3 N=2

Traffic 38 75 33
Better Route 33
Loc. of Refuge 13 50
Out of Gas
Tired 13 50
Hungry
Bathroom
Storm Strengthened 13
Storm Close 13
Other 38 25 67 50
Don’t Know

Most people said they did not hear about traffic problems on evacuation routes before

leaving home (Table 20). Of those who heard about such problems before leaving home,

most did not change their evacuation route plans (Table 21).

Table 20. Heard About Evacuation Route Problems Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=111 N=87 N=31 N=30
Yes 32 37 39 30
No 68 60 55 70
Don’t Know 3 7
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Table 21. Changed Routes Because of Information Heard Before Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=36 N=32 N=12 N=9
Yes 25 34 25 44
No 75 66 75 56

Those who said they had heard about evacuation problems before leaving home were also
asked whether they heard about such problems after leaving home. About half said they
did, but responses varied among risk areas (Table 22). About a third of those changed
their route plans accordingly (Table 23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zone Non-surge Counties
N=36 N=32 N=12 N=9
Yes 56 38 50 33
No 42 59 50 67
Don’t Know 3 3

Table 23. Changed Routes Because of Information Heard After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=20 N=12 N=6 N=3
Yes 15 33 33 67
No 85 67 67 33

Most evacuees did not use interstate highways for even part of their evacuation (Table
24). Those who used interstates in Floyd were inclined to use them again (Table 25).
The great majority of the respondents said they were familiar with the roads in the area
through which they evacuated (Table 26). More than three-fourths also said they would
be willing to use a different route than they would normally use if government officials
urged them to do so to avoid congestion, even if the route took them out of their way
(Table 27). Only about 10% said they would be unwilling to comply with that sort of
request by officials.
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Table 24. Used Interstate for at Least Part of Route

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=111 N=87 N=31 N=30
Yes 42 41 35 17
No 56 59 65 83
Don’t Know 2
Table 25. Routes to be Used in the Future

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=47 N=35 N=11 N=5
Interstate 64 69 64 40
Secondary Roads 17 9 40
Both 4 3 9
Depends on Traffic 9 6 9
Depends on Other 9 18
Other 4 3
Don’t Know 2 3 20
Table 26. Familiar with Roads in Area
Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=110 N=86 N=31 N=30
Yes 86 84 74 90
No 13 15 23 10
Don’t Know 1 1 3

Table 27. Would Use Routes Advised by Officials, Even if Longer

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=110 N=85 N=31 N=30
Yes 85 73 87 83
No 2 11 3 10
Depends How
Much Longer 3 3
Depends on Other 9 9 7
Other 2
Don’t Know 2 5 3 3

Less than half the respondents said it took them five or more hours to reach their

destination (Table 28). Still, times were longer than expected (Table 29). When asked
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how long it was reasonable for an evacuation like Floyd’s to take, most respondents gave

times shorter than the actual evacuation but slightly longer than their original expectation

(Table 30).

Table 28. Hours Required to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=110 N=81 N=30 N=30

Less than 2 54 44 53 83
2to5 27 23 20 10
5t0 10 17 28 27 0

10 or more 2 5 10 10
Mean No. Hrs 2.5 3.7 3.1 24
Median No. Hrs 1.0 3.0 1.0 5

Table 29. Hours Expected to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=107 N=79 N=30 N=30
Less than 2 55 47 60 86
2to5 38 38 20 10
5t0 10 7 14 17 0
10 or more 0 1 3 4
Mean No. Hrs 1.9 2.7 2.5 1.9
Median No. Hrs 1.0 2.0 1.0 5

Table 30. Hours Reasonable to Reach Destination

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=108 N=78 N=30 N=30
Less than 2 50 41 48 92
2to5 32 28 31 4
5to0 10 18 27 14 4
10 or more 0 4 7 0
Mean No. Hrs 2.5 3.4 2.7 1.1
Median No. Hrs 1.0 3.0 2.0 5

Most people thought the traffic delays were caused mainly by the sheer volume of traffic,

the fact that too many people left at once, and bad weather (Table 31). Some also cited

poor traffic management, and a few advocated reversing lane directions. More than 80%

of the respondents said they would be willing to cooperate in a phased evacuation in
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which they would delay their departure for a few hours until people in a more dangerous

location had begun their evacuation (Table 32).

Table 31. Why Traffic Was Slow

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=105 N=85 N=31 N=30
Number of Cars 38 34 30 13
All Left at Once 27 22 27 30
Waited too Long 7 4 10 7
Construction 2 5 10
Accidents 8 5 3
Poor Traffic
Management 11 18 7 3
Need Reverse
Lanes 4 2 3
Bad Weather 22 8 23 23
Other 18 25 7 30
Don’t Know 16 20 13 23

Table 32. Would Delay Departure if Urged by Officials

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=195 N=198 N=103 N=101
Yes 83 81 83 84
Depends on
Storm’s Proximity 5 6 2 3
Depends on
Storm’s Strength 3 2 5 1
Other 1
Don’t Know 3 5 8 5
No 7 6 3 7

Most evacuees did not cite specific difficulties experienced during the evacuation.

Needing restroom facilities was most common, but a few ran out of gas or had

mechanical breakdowns (Table 33). About half of the evacuees said they heard about

places where they could find shelter if they weren’t able to reach their destinations (Table

34). Few changed their plans about seeking shelter as a result (Table 35). Most

interviewees reported roads being blocked by water when returning from the evacuation

(Table 36).
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Table 33. Difficulties Experienced in Evacuation

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=111 N=89 N=30 N=30

Ran Out of Gas 1 2 3

Car Broke Down 1

Needed Water 2 1

Needed Food 2 4 3
Needed Restroom 5 5 10 3
Other Difficulties 3

No Difficulties 91 92 90 93

Table 34. Heard About Refuge Options After Leaving Home

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=110 N=86 N=31 N=30
Yes 46 47 58 53
No 53 50 42 47
Don’t Know 1 4

Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Cat 1 Other Coastal County | Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=51 N=38 N=18 N=15
Yes 2 6 13
No 98 100 94 87

Table 36. Difficulties Experienced Returning from Evacuation

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=111 N=86 N=30 N=30
Lack of
Information 7 7 7
Roads Blocked by
Water/Debris 55 57 67 57
Traffic Congested 6 8
Re-entry Not
Permitted 14 4 10 13
Other Difficulties 5 6 10
No Difficulties 34 38 30 40
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Vehicle use was typical of most evacuations, in which 65% to 75% of the available

vehicles are used (Table 37). Few households required assistance in evacuating, and in

most instances outside agencies were not required (Table 38).

Table 37. Vehicle Use by Evacuating Households

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties

N=110 N=86 N=31 N=41
Percent of
Available 69 58 57 64
Avg. Number Per
Household 1.36 1.21 1.32 1.20
Pulled Trailer,
Took Motorhome 9 2 0 0

Table 38. Required Assistance in Evacuating (As a Percent of All Households)

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=196 N=199 N=103 N=102
Yes, Within
Household 1
Yes, Friend/
Relative 2 3 1
Yes, Agency 2
No 97 97 100 97

Local television was relied upon most heavily by the respondents for information about

Floyd, followed by The Weather Channel (Table 39). Local radio was the third most

relied-upon source of information.

Table 39. Sources Relied On a Great Deal for Information about Floyd

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=194 N=199 N=103 N=102

Local Radio 39 29 31 44
Local Television 75 76 78 76
CNN 21 15 14 21
Weather Channel 71 73 59 43
Other Cable 7 6 7 12
Internet 6 10 6 4

AOL 1 5 2 1

Word of Mouth 11 9 7 13

10-19




Most respondents in the sample said they wouldn’t do anything differently if faced with

the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Some would plan to leave earlier.

Table 40. Would Do Differently Next Time

Cat 1 Other Coastal County Non-coastal
Surge Zone Surge Zones Non-surge Counties
N=194 N=198 N=103 N=102
Would Leave 4 7 5 3
Wouldn’t Leave 8 12 6 4
Leave Earlier 8 8 6 6
Leave Later 3 1 1
Go Farther 1 1 2
Go Closer 3 1 1 1
Use Public Shelter 1
Not Use Pub Shltr 1
Different Route 1 2 1
Buy Gasoline 1 1 1
Take Provisions 3 1 2
Other 7 6 12 9
Don’t Know 3 1 1 2
Nothing Different 68 69 71 78
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Chapter 11
Public Response to Hurricane Floyd
In Eastern North Carolina

Prepared by

Earl J. Baker
Hazards Management Group, Inc.

Survey Method
Approximately 600 telephone interviews were conducted in eastern North Carolina
region. The sample was stratified as follows:
1. 200 interviews on the Outer Banks
2. 200 interviews in areas at risk to storm surge along Albemarle and
Pamlico Sounds
3. 100 interviews in areas of coastal counties on the sounds not subject to
inundation by storm surge

4. 100 interviews in non-coastal counties adjacent to those along the sounds.

Storm surge inundation areas delineated in the most recent hurricane evacuation study for
the region were used to identify the sampling areas. A copy of the generic questionnaire

used in post-Floyd surveys is included as Appendix .

Statistical Reliability

Figures reported from surveys cited in this report are based upon samples taken from
larger populations. The sample values provide estimates of the values of the larger
populations from which the samples were selected, but usually are not precisely the same
as the true population values. In general, the larger the number of people in the sample,
the closer the sample value will be to the true population value. A sample of 200 will
provide estimates which one can be 90% “confident” are within 4 to 6 percentage points
of the true populations values, whereas a sample of 100 will provide the same degree of
confidence of being within 5 to 8 percentage points of the true population values. With a
sample of 50, one can be 90% "confident" of being within 7 to 11 percentage points of

the actual population value, and a sample of 25 is 90% "accurate" only within 10 to 17
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percentage points. With a sample of 50, one can be 90% "confident" of being within 7 to
12 percentage points of the actual population value. A sample of 25 is 90% "accurate"

only within 10 to 17 percentage points.

The ranges (e.g., "10 to 17") stem from the fact that the reliability of an estimate depends
not only on the size of the sample but also upon how much agreement there is among the
responses. Having 90% of the respondents give a particular answer means almost
everyone agreed. By the same reasoning, if only 10% gave a particular response, almost
everyone agreed (i.e., 90% disagreed with the 10% but agreed with one another). The
maximum disagreement is for the responses to be split 50-50. Thus, if 90% (or 10%) of a
sample of 100 give a particular response, that estimate will be within 5 percentage points
of the true population value 90% of the time. If 75% (or 25%) of a sample of 100 give a
particular response, that estimate will be within 7 percentage points 90% of the time. If
50% of a sample of 100 give a particular response, that estimate will be within 8

percentage points 90% of the time.

Therefore, readers should keep in mind that some estimates provided in this report are
more statistically reliable than others. This is particularly noteworthy in drawing
conclusions about whether two survey results are "different" from one another.
Differences of a few percentage points in sample results of 100 or less do not necessarily
mean the populations from which the samples were drawn are different. ~When the
aggregate samples are broken down into subgroups, the reliability of estimates for the
subgroups suffers. Tables contain actual sample sizes used to calculate the values
reported in the table. Sample sizes vary from table to table because not all questions
were asked of all respondents (people who didn’t evacuate weren’t asked where they
went, for example), some respondents refused to answer some questions, and in a few
cases responses were invalid. There are so few respondents in certain risk zones for some
questions that the results are not useful for generalizations. They are included solely for

completeness.

In nearly all tables data refer to percentages of respondents. In response to some
questions respondents could give more than one answer, resulting in totals exceeding

100%.



Evacuation Participation Rates

Evacuation, as used in the survey, refers to leaving one’s home to go someplace safer. On

the Outer Banks and along the sounds only 20% evacuated (Table 1). The “shadow”

evacuation in other risk areas (i.e., evacuation from areas not told by officials to

evacuate) was almost as high.

Table 1. Percent who left their homes in Floyd, by risk zone

Outer Other Coastal Non-coastal
Banks Surge Zones Non-surge Counties
N=199 N=198 N=100 N=102
Evacuated 20 19 15 18

Most of the residents who did not evacuate gave the same reason: they felt their home

would be safe enough, given their beliefs about the likely track and strength of the storm

(Table 2). No other single reason was prominent in the responses.

Table 2. Why Stayed (Percent of Respondents)

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-Surge Counties
N=153 N=158 N=83 N=84
House OK for 64 79 80 73
Storm
Officials Said 3 11 7 10
Stay
Media Said 5 6 1 4
Stay
Friends Said 3 2 1 6
Stay
Officials Didn’t 2 4 7 12
Say Leave
Probabilities 20 15 10 16
Low
Other Info. 5 2 1 6
Would Miss
No Transport 0 2 0 0
No Place to Go 6 2 4 5
Protect from 1 1 0 1
Looters
Protect from 1 3 2 0
Storm
Left in Past 5 1 1 1
Miss
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Table 2. Why Stayed (Percent of Respondents) continued

Job 7 4 1 5
Waited Too 0 0 1 0
Long

Traffic 5 2 1 1
Tried, Gave Up 0 0 0 0
Dangerous on 2 0 1 1
Road

Pets 1 3 0 1
Required 2 0 0 0
Medical Care

Other 9 5 7 4
Don’t Know 1 1 4 2

Jobs were mentioned by some, and respondents were asked specifically whether anyone

in their household had to work during Floyd and how that affected their evacuation

(Tables 3, 4). At least a fifth said someone in the household had to work, but few said it

either prevented part of the household from evacuating or delayed their departure.

Table 3. Someone in Household Had to Work in Floyd

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=200 N=198 N=100 N=102
Yes 37 27 19 27
No 63 72 81 73

Table 4. How Work Affected Evacuation in Floyd

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=73 N=53 N=19 N=26
None 80 77 95 71
Kept All from 7 6 0 4
Leaving
Kept Part from 3 0 5 0
Leaving
Delayed All in 6 8 0 4
Leaving
Delayed Part in 4 0 0 8
Leaving
Other 1 9 0 8
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Those who didn’t evacuate were asked whether they would have left had they been

convinced the storm was going to strike, and more than half in surge areas said they

would have (Table 5). Most in all areas said they had made the necessary preparations to

leave in case conditions worsened (Table 6).

Table 5. Stayers Who Say They Would Have Left If Convinced Storm Was Going to Hit

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=157 N=161 N=84 N=84
Would Have Left 61 60 45 49
Wouldn’t Have Left 27 30 46 38
Don’t Know 12 11 8 13

Table 6. Stayers Who Say They Had Made Necessary Preparations to Leave

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=157 N=161 N=84 N=84
Had Prepared 74 70 61 63
Hadn’t Prepared 26 27 39 33
Don’t Know 0 3 0 4

Evacuees were asked what convinced them to leave, and most indicated some

combination of response to actions by public officials, concern about storm conditions,

and appeals from friends and the media (Table 7.)

Table 7. Why Left (Percent of Respondents)

Outer Other Coastal County | Non-coastal
Banks Surge Zones Non-surge Counties
N=37 N=32 N=15 N=18
Officials Said 16 6 7 6
Leave
NWS Said 8 19 7 11
Leave
Police/Fire Said 8 0 0 6
Leave
Media Said 5 16 7 22
Leave
Friend Said 14 19 13 11
Leave
Storm Severe 16 38 13 22
Heard “Bad as 3 0 0 0
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Hugo/Andrew”

Increased in 0 3 0 6
Strength

Concerned 8 25 20 17
about Flooding

Concerned 22 19 33 22
about Winds

Concerned re. 3 3 7 11
Road Flooding

Probability of 5 19 7 6
Hit

Post-Storm 0 0 0 6
Concerns

Other 19 6 13 28
Don’t Know 0 0 0 0

In an attempt to separate the effect of messages disseminated by government officials via
the media from the effect of other information heard via the media, respondents were
asked which had the greater impact on their decision to evacuate. Information from
officials had the greater impact in surge zones, but not in other areas, according to

respondents (Table 8).

Table 8. Greatest Influence to Leave (Percent of Respondents)

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=38 N=33 N=15 N=18
Media Info from 66 46 33 28
Gov'’t Officials
Other Media Info 11 21 47 28
Info from Friends 13 3 20 22
Other 11 9 7 17
Don’t Know 3 0 0 6

Interviewees were also asked whether they heard from officials — either directly or
indirectly — that they should evacuate. Only in the on the Outer Banks did a majority say
they did, and even there almost as many did not (Table 9). Those who did hear
evacuation notices were more likely than others to evacuate, particularly if they believed

the notice to be mandatory (Table 10).




Table 9. Heard Evacuation Notices from Officials

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-Surge Counties
N=200 N=198 N=100 N=102
Heard Notices 52 13 6 13
Didn’t Hear 42 85 92 87
Don’t Know 7 3 2 0

Table 10. Evacuation Participation Rates, by Hearing Evacuation Notices from Officials

(Sample sizes vary by cell)

Outer Other Coastal County Non-coastal

Banks Surge Zones Non-Surge Counties
Heard Must 40 30 0 75
Heard Should 14 47 60 50
Didn’t Hear 10 14 12 12

Most people living in the coastal counties, even those on the Outer Banks, believe they

would be safe in a 125 MPH hurricane in their own homes (Table 11a). Residents

believing they would be unsafe in a 125 MPH hurricane were only slightly more likely

than others to evacuate in Floyd, especially those in surge-prone locations (Table 11b).

Table 11a. Perceived Safety of Home from Wind and Water in 125 MPH Hurricane

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-Surge Counties
N=200 N=198 N=100 N=102
Safe 50 52 57 40
Unsafe 42 38 36 47
Don’t Know 9 10 7 13

Table 11b. Evacuation Participation Rates, by Perceived Safety in 125 MHP Storm (See
previous table for sample sizes for each cell)

Outer Other Coastal County | Non-coastal

Banks Surge Zones Non-Surge Counties
Safe 17 16 5 12
Unsafe 24 22 31 27
Don’t Know 18 21 14 0




Evacuation Timing

Evacuation departures were fairly gradual, primarily during September 14 and 15, with
the steepest portion of the response on the 15™. Forty percent of the eventual evacuees
had left by 8 AM on the 15™. A hurricane watch was issued for the area at 5 PM on the
14" followed by a warning at 11 AM on the 15™.
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Use of Public Shelters and Other Refuges

The majority of evacuees from most areas went to the homes of friends and relatives or to

hotels and motels (Table 12). In surge areas no one said they went to public shelters, and

few did so in non-surge areas. Hotel and motel use was high, especially among those

leaving from the Outer Banks.

Table 12. Refuges Uses by Evacuees

Outer Other Coastal County Non-coastal

Banks Surge Zones Non-Surge Counties

N=39 N=33 N=15 N=18
Public Shelter 0 0 7 11
Church 0 0 13 0
Friend/Relative 44 70 60 61
Hotel/Motel 49 24 13 17
Workplace 0 0 7 6
Other 8 6 0 6
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Evacuation Destinations and Transportation Issues

Most evacuees from surge areas left their own county, going elsewhere in North Carolina

(Tables 13, 14). Thirty-three percent went into Virginia, and 10% went further north.

Table 13. Percent of evacuees by destination, by risk zone

Outer Other Coast Non- Non-Coastal
Banks Surge Zones Surge Counties
N=39 N=33 N=15 N=18

Own Neighborhood 8 18 67 61

Own County 8 30 13 33

Out of County 84 52 20 6

Table 14. Percent of out-of-county evacuees, by state destination

Florida 2
Georgia 0
South Carolina 0
North Carolina 56
Virginia 33
Alabama 0
Tennessee 0
Other (north of VA) 10

Going out of county (beyond the surge inundation limits) was motivated by four main

factors: the strength of the storm, the location of friends and family, previous hurricane

experience, and the lack of closer motels (Table 15).

Information from government

officials conveyed by the media had a greater influence than other media information

(Table 16). Samples in none of the four risk zones are large, but the ones in the non-

surge areas too small to be of any value for this variable.
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Table 15. Why Went Out of County

Outer Other Coastal County Non-coastal
Banks Surge Zone Non-surge Counties
N=31 N=17 N=3 N=1
Strength of Storm 29 35
Previous Hurri- 10 18 0 0
cane Experience
Comparisons to 0 0 0 0
Hugo/Andrew
Officials Said 7 0 0 0
Leave County
Media Said Leave 0 0 0 0
County
Friend Said Leave 10 12 33 0
County
Friend Lives in 36 41 33 100
Destination
No Public Shelter 0 0 0 0
Closer
No Motels Closer 7 12 33 0
Other 3 24 0 100
Don’t Know 0 0 0 0
Table 16. Greatest Influence for Going Out of County
Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=31 N=17 N=3 N=1
Media Info from 39 29 0 0
Gov’t Officials
Other Media Info 19 18 33 0
Info from Friends 36 41 67 0
Other 10 12 0 100
Don’t Know 0 6 0 0

At least 90% of the evacuees from most risk areas eventually reached their destinations

(Table 17). Too few changed destinations to reveal any patterns regarding the nature or

reasons for the changes (Tables 18, 19).
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Table 17. Whether Reached Original Destination

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=157 N=161 N=84 N=84
Yes 97 91 100 94
No 3 9 0 6
Don’t Know 0 0 0 0

Table 18. Proximity of New Destination, Compared to Original Destination

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=1 N=3 N=0 N=0
Farther 0 100
Closer 100 0
Same 0 0
Don’t Know 0 0
Table 19. Why Changed Destination
Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=1 N=3 N=0 N=0
Traffic 100 33
Better Route 0 0
Loc. of Refuge 0 67
Out of Gas 0 0
Tired 0 0
Hungry 0 0
Bathroom 0 0
Storm Strengthened 0 0
Storm Close 0 0
Other 100 0
Don’t Know 0 0

Most people said they did not hear about traffic problems on evacuation routes before

leaving home (Table 20). Of those who heard about such problems before leaving home,

most did not change their evacuation route plans (Table 21).
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Table 20. Heard About Evacuation Route Problems Before Leaving Home

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=38 N=33 N=15 N=18
Yes 32 18 13 22
No 66 82 87 78
Don’t Know 3 0 0 0

Table 21. Changed Routes Because of Information Heard Before Leaving Home

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=12 N=6 N=2 N=4
Yes 8 50 0 50
No 92 50 100 50

Those who said they had heard about evacuation problems before leaving home were also

asked whether they heard about such problems after leaving home. Some said they did,

but responses varied among risk areas, and sample sizes were too small for useful

generalizations (Tables 22, 23).

Table 22. Heard About Evacuation Route Problems After Leaving Home

Outer Other Coastal County Non-coastal
Banks Surge Zone Non-surge Counties
N=11 N=6 N=2 N=4
Yes 55 17 0 0
No 45 83 100 100
Don’t Know 0 0 0 0

Table 23. Changed Routes Because of Information Heard After Leaving Home

Outer Other Coastal County | Non-coastal
Banks Surge Zones Non-surge Counties
N=6 N=1 N=0 N=0
Yes 0 0
No 100 100

Except on the Outer Banks most evacuees did not use interstate highways for even part of

their evacuation (Table 24). Those who used interstates in Floyd were inclined to use

them again (Table 25). The great majority of the respondents said they were familiar

with the roads in the area through which they evacuated (Table 26). More than 80% also

said they would be willing to use a different route than they would normally use if
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government officials urged them to do so to avoid congestion, even if the route took them

out of their way (Table 27).

Table 24. Used Interstate for at Least Part of Route

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=33 N=15 N=18
Yes 62 27 7 22
No 38 73 93 78
Don’t Know 0 0 0 0
Table 25. Routes to be Used in the Future
Outer Other Coastal County | Non-coastal
Banks Surge Zones Non-surge Counties
N=23 N= N=1 N=4
Interstate 70 56 100 75
Secondary Roads 0 33 0 0
Both 17 11 0 0
Depends on Traffic 0 0 0 25
Depends on Other 9 0 0 0
Other 0 0 0 0
Don’t Know 4 0 0 0
Table 26. Familiar with Roads in Area
Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=32 N=15 N=18
Yes 85 81 100 83
No 15 19 0 17
Don’t Know 0 0 0 0
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Table 27. Would Use Routes Advised by Officials, Even if Longer

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=33 N=15 N=18
Yes 82 85 80 94
No 8 6 7 0
Depends How 3 6 0 6
Much Longer
Depends on Other 5 3 7 0
Other 0 0 0 0
Don’t Know 3 0 7 0

Less than half the respondents said it took them five or more hours to reach their

destination and except on the Outer Banks most people took less than two horus (Table

28). Still, times were longer than expected (Table 29). When asked how long it was

reasonable for an evacuation like Floyd’s to take, most respondents gave times shorter

than the actual evacuation but slightly longer than their original expectation (Table 30).

Table 28. Hours Required to Reach Destination

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=38 N=32 N=15 N=17
Less than 2 26 78 100 100
2to5 37 3 0 0
5t0 10 32 19 0 0
10 or more 5 0 0 0
Mean No. Hrs 4.7 2.1 i .6
Median No. Hrs 4.0 5 S 5

Table 29. Hours Expected to Reach Destination

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=38 N=30 N=15 N=17
Less than 2 34 77 100 100
2to5 50 17 0 0
5to 10 16 7 0 0
10 or more 0 0 0 0
Mean No. Hrs 3.6 1.6 i .6
Median No. Hrs 3.3 5 5 5
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Table 30. Hours Reasonable to Reach Destination

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=37 N=29 N=15 N=15
Less than 2 30 76 100 100
2to5 49 17 0 0
5to 10 22 7 0 0
10 or more 0 0 0 0
Mean No. Hrs 3.8 1.7 i .6
Median No. Hrs 3.5 5 5 5

Most people thought the traffic delays were caused mainly by the sheer volume of traffic,

the fact that too many people left at once, and bad weather (Table 31). Some also cited

poor traffic management. More than 85% of the respondents said they would be willing

to cooperate in a phased evacuation in which they would delay their departure for a few

hours until people in a more dangerous location had begun their evacuation (Table 32).

Table 31. Why Traffic Was Slow

Outer Other Coastal County Non-coastal

Banks Surge Zones Non-surge Counties

N=39 N=33 N=15 N=18
Number of Cars 26 15 7 28
All Left at Once 15 9 7 22
Waited too Long 8 9 7 33
Construction 5 0 0 6
Accidents 5 0 0 0
Poor Traffic 13 9 0 0
Management
Need Reverse 0 0 0 0
Lanes
Bad Weather 13 0 27 22
Other 8 3 40 6
Don’t Know 36 64 27 33
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Table 32. Would Delay Departure if Urged by Officials

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=200 N=198 N=100 N=101
Yes 89 93 87 94
Depends on 2 1 4 1
Storm’s Proximity
Depends on 1 1 4 3
Storm’s Strength
Other 1 0 0
Don’t Know 3 2 3 1
No 5 4 2 1

Most evacuees did not cite specific difficulties experienced during the evacuation.
Needing restroom facilities was most common mention (Table 33). About half of the
evacuees from coastal counties said they heard about places where they could find shelter
if they weren’t able to reach their destinations (Table 34). No one said they changed
plans about seeking shelter as a result (Table 35). Many interviewees reported roads

being blocked by water when returning from the evacuation (Table 36).

Table 33. Difficulties Experienced in Evacuation

Outer Other Coastal County | Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=33 N=15 N=18
Ran Out of Gas 0 0 0 0
Car Broke Down 0 0 0 0
Needed Water 0 0 0 0
Needed Food 0 0 0 0
Needed Restroom 3 0 0 0
Other Difficulties 0 3 0 0
No Difficulties 97 97 100 100

Table 34. Heard About Refuge Options After Leaving Home

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=33 N=15 N=18
Yes 41 49 53 17
No 56 52 33 61
Don’t Know 3 0 13 22
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Table 35. Changed Plans Because of Refuge Information Heard After Leaving Home

Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=15 N=16 N=8 N=3
Yes 0 100 0 0
No 100 94 100 100
Table 36. Difficulties Experienced Returning from Evacuation
Outer Other Coastal County Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=33 N=15 N=18
Lack of 3 0 0 0
Information
Roads Blocked by 41 51 20 50
Water/Debris
Traffic Congested 15 6 0 0
Re-entry Not 0 3 0 6
Permitted
Other Difficulties 0 3 0 0
No Difficulties 49 46 80 44

Vehicle use was slightly below that in most evacuations, in which 65% to 75% of the
available vehicles are used (Table 37). Few households required assistance in

evacuating, and reliance on outside agencies varied with location (Table 38).

Table 37. Vehicle Use by Evacuating Households

Outer Other Coastal County | Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=33 N=15 N=18
Percent of 59 63 60 58
Available
Avg. Number Per 1.21 1.12 1.0 1.0
Household
Pulled Trailer, 13 3 7 7
Took Motorhome

Table 38. Required Assistance in Evacuating (As a Percent of All Households)

Outer Other Coastal County | Non-coastal
Banks Surge Zones Non-surge Counties
N=39 N=33 N=15 N=18
Yes, Within 3 0 0 0
Household
Yes, Friend/ 0 0 7 0
Relative
Yes, Agency 3 0 0 11
No 95 100 93 89

11-18




On the Outer Banks The Weather Channel was relied upon most heavily by the

respondents for information about Floyd, followed by local television (Table 39). In

other areas the order was reversed. Local radio was the third most relied-upon source of

information.

Table 39. Sources Relied On a Great Deal for Information about Floyd

Outer Other Coastal County Non-coastal

Banks Surge Zones Non-surge Counties

N=199 N=197 N=100 N=101
Local Radio 37 25 31 34
Local Television 57 76 88 81
CNN 26 17 13 11
Weather Channel 78 54 48 46
Other Cable 9 9 6 3
Internet 7 2 3 4
AOL 3 2 1 4
Word of Mouth 7 8 9 15

Most respondents in the sample said they wouldn’t do anything differently if faced with

the same circumstances again as in Floyd (Table 40). Some who left wouldn’t, but some

who didn’t leave would. Some would plan to leave earlier.

Table 40. Would Do Differently Next Time

Outer Other Coastal County Non-coastal

Banks Surge Zones Non-surge Counties

N=200 N=198 N=100 N=100
Would Leave 6 5 8 6
Wouldn’t Leave 10 6 1 7
Leave Earlier 2 5 4 10
Leave Later 2 0 0 0
Go Farther 0 1 0 0
Go Closer 0 1 0 0
Use Public Shelter 0 0 0 0
Not Use Pub Shltr 0 0 0 1
Different Route 0 1 0 0
Buy Gasoline 0 0 0 1
Take Provisions 1 1 1 12
Other 2 5 4 2
Don’t Know 3 5 4 2
Nothing Different 79 75 79 59
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Hurricane Floyd Response Questionnaire
Dade/Broward, Florida

Hello, my name is and I’m calling on behalf of the Army Corps of Engineers and your state emergency management
office. I‘m conducting a telephone survey of residents concerning experiences in hurricane Floyd last summer, so that we can improve
hurricane evacuation plans for the future. May I please speak with the (ROTATE):

Youngest male over 18

Oldest male

Youngest female over 18

Oldest female in your household?

el s

My questions will only take a few minutes. Your responses are important to us so that we may have accurate information about
hurricane preparedness. Before we begin, let me assure you everything you say will remain strictly confidential.

1. Do you live at this residence year-round?
1 Yes (GO TO Q3)

2 No (GO TO Q2)
3 Other (GO TO Q2)
2. Do you live here at least part of the time during the summer or fall?

1 Yes (GO TO Q3)
2 No (THANK & TERMINATE)
3 Other (THANK & TERMINATE)

IF "NO," TERMINATE THE INTERVIEW BY RESPONDING "THANK YOU FOR YOUR TIME, BUT WE ARE

LOOKING FOR PEOPLE WHO ARE IN THIS REGION DURING THAT TIME FRAME. THANK YOU AGAIN.

GOODBYE.

3. Were you in the area, i.e., not out of town, when HURRICANE FLOYD began to threaten your area last September?
1 Yes (GO TO Q4)
2 No (THANK AND TERMINATE)
3 Other (THANK AND TERMINATE)

IF "NO," TERMINATE THE INTERVIEW BY RESPONDING "THANK YOU FOR YOUR TIME, BUT WE ARE
LOOKING FOR PEOPLE WHO WERE IN THIS AREA AT THAT TIME. THANK YOU AGAIN. GOODBYE."

4. Did you leave your home to go someplace safer in response to the threat created by Hurricane Floyd?
_1  Yes(GOTO Q6)
_2  No(GOTOQ5)
3 Other, (GO TO Q44)
~9  Don’tknow (GO TO Q44)

What made you decide not to go anyplace else? (CATEGORIZE - PROBE UP TO 3) (THEN GO TO Q44)
0/1 Storm not severe/house adequate

0/1 Officials said evacuation unnecessary

0/1 Media said evacuation unnecessary

0/1 Friend/relative said evacuation unnecessary
0/1 Officials didn’t say to evacuate

0/1 Probabilities indicated low chance of a hit

0/1 Other information indicated storm wouldn[t hit

0/1 Had no transportation

0/1 Had no place to go

0/1 Wanted to protect property from looters

0/1 Wanted to protect property from storm

0/1 Left unnecessarily in past storms

0/1 Job required staying

0/1 Waited too long to leave

0/1 Traffic too bad

0/1 Tried to leave, but returned home because of traffic
0/1 Too dangerous to evacuate because might get caught on road in storm
0/1 No place to take pets/Shelter would not accept pets
0/1 Required special medical care

0/1 Other, specify:

0/1 Don’t know
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Sv. IF Floyd had looked to you like it was going to hit this area more directly, would you have left your home to go someplace

safer?
1 Yes
2 No
_3  Don’t Know/Depends
_4  Other (Specify)
Sw. Were you ready, that is had you made the necessary preparations, to leave your home to go someplace safer in the event the
situation had worsened?
1 Yes
2 No
_3  Don’t Know/Depends
_4  Other (Specify)
5x. Would you or anyone in your household require assistance in evacuating?
1 Yes
_2  No(SKIPTO Q44)
_ 3  Notsure (SKIP TO Q 44)
Sy. Would the person just need transportation, or do they have a disability or medical problem that would require special
assistance?
_ 1 Transportation only
_ 2 Special need ( disability or medical problem)
3  Both
_ 4  Other, specify:
5  Don’t know
Sz. Would that assistance provided by someone within your household, or by an outside agency, or by a friend or relative outside
your household?
1 Within household
_2  Friend/relative (outside)
_3  Outside agency
~ 4  Other,
~ 9  Don’t know

(IF ANSWERING Q5z, SKIP TO Q44)
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6. What convinced you to go leave your home to go someplace safer? (CATEGORIZE - PROBE UP TO 3)
a 0/1  Advice or order by elected officials
b 0/1 Advice from Weather Service
c 0/1 Advice/order from police officer or fire fighter
d 0/1 Advice from media
e 0/1 Advice from friend or relative
f 0/1 Concerned about severity of storm
% 0/1 Storm as strong as/stronger than/bigger than Andrew/Hugo
0/1 Storm increased in strength
i 0/1 Concerned storm would cause home to flood
k 0/1 Concerned strong winds would make house unsafe
1 0/1 Concerned flooding would cut off roads
m 0/1 Concern that storm might hit
n 0/1 Heard probability (odds) of hit
0 0/1 Wanted to avoid conditions after the storm (no electricity, etc.)
p 0/1 Other, specify:
q 0/1 Don’t know
7. Which of the following would you say had the GREATEST influence on your decision to leave your home to go someplace
safer? (READ — RECORD ALL MENTIONED)
a 0/1  Information from government officials
b 0/1 _ Information from the media, NOT COUNTING THE MEDIA’S COVERAGE OF WHAT GOVERNMENT

OFFICIALS WERE SAYING
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13.
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0/1 Information from friends/relatives
0/1 Other factors

0/1 Other,

0/1 Don’t know

FOR DADE/BROWARD, FLORIDA:

The National Hurricane Center issued a Hurricane Watch for this area at 5 AM on the morning of Monday, September 13"
for Broward and 11 AM for Dade. That was followed by a Hurricane Warning later that same day at 5 PM. On what day did
you leave your home to go someplace safer?

Sunday, September 12" or earlier
Monday, September 13"
Tuesday, September 14"
Wednesday, September 15"
Thursday, September 16"

Other

Don’t know

About what time on the (REPEAT DATE) did you leave? (USE 1 HOUR INCREMENTS) (TAKE MIDPOINT)
(99=DK)

Hour (IF 99, SKIP TO Q13)

Was that morning AM or PM? (NOTE: 12 O’CLOCK NOON =12 PM)

(NOTE: 12 O°’CLOCK MIDNIGHT = 12 AM ON THE “NEW” DAY)
_1  AM (morning / or midnight until noon)
_2  PM (afternoon/evening or noon until midnight)

Did you go to a public shelter, a friend or relative’s house, a hotel, or somewhere else? (DO NOT READ)
1 Public shelter (Red Cross) (GO TO Q. 10)
2 Church (SKIP TO Q. 12)
3 Friend/relative (SKIP TO Q. 12)
4 Hotel (SKIP TO Q.12)
5 Workplace (SKIP TO Q.12)
6 Mobile home park clubhouse (SKIP TO Q. 12)
7 Other, specify: (SKIP TO Q. 12)
9 Don’t know (SKIP TO Q. 12)

Why did you go to a public shelter rather than going someplace else? (CATEGORIZE — PROBE UP TO 3)
1 Close to home

0/1 Safer than home/ther places
0/1 Not enough time to get to anyplace else
0/1 Couldn’t find motel with vacancy

0/1 Got tired of driving
0/1 Couldn’t afford hotel/motel
0/1 Had no place else to go

0/1 Officials recommended going to public shelter
0/1 Media recommended going to public shelter
0/1 Friend/relative recommended going to public shelter

0/1 Other, specify:
0/1 Don’t Know

Do you have a friend or relative in your own county who lives in a well-built home in a safe location that you could have
stayed with when you evacuated instead of going to a public shelter?

1 Yes

2  No

~ 9  Don’t know

Is that (ANSWER FROM #9) located in your neighborhood or someplace else?
_1  Neighborhood (SKIP TO Q18)

_2  Somewhere else
~ 9  Don’t know

In which city is that located?
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Is that (ANSWER FROM #13) located in your county?
_1  Yes(SKIP TO Q18)

_2 No

~ 9  Don’t know

In which state is that located?
Florida

Georgia

South Carolina
North Carolina
Alabama

Tennessee

Virginia

Other,

Don’t know

hy did you go so far — that is, to a destination outside your own county? (CATEGORIZE - PROBE UP TO 3)
Storm strong; needed to go that far to be safe

S =

0/1 Previous hurricane experience (e.g., Andrew/Hugo)
0/1 Government officials comparison to Andrew/Hugo
0/1 Media officials comparison to Andrew/Hugo

0/1 Officials, emergency management said to leave county
0/1 Media said to leave county

0/1 Friend/relative said to leave county

0/1 Friend/relative lives (lived) there

0/1 No public shelters available closer

0/1 No motels available closer

0/1 Other,

0/1 Don’t know

Which of the following would you say had the GREATEST influence on your decision to go someplace outside your own
county? (READ — RECORD ALL MENTIONED)

0/1  Information from government officials

0/1 _ Information from the media, NOT COUNTING THE MEDIA’S COVERAGE OF WHAT GOVERNMENT

OFFICIALS WERE SAYING

0/1 _ Information from friends/relatives

0/1  Other factors

0/1  Other,

0/1  Don’t know

Was that your original destination when you set out to evacuate, or did you change your mind about where to go after leaving
home?
_1 Changed destination (GO TO Q19)

_2 Reached original destination (SKIP TO Q121)
_9 Don't Know (SKIP TO Q21)

Did you end up going farther from home than you had planned or not as far?
1 Farther

2 Not as far

_3  About the same distance

9 Don't Know

What caused you to change your mind about where to go? (CATEGORIZE; PROBE UP TO 3)
0/1 Traffic congestion
0/1  Information about better routes
0/1  Information about available shelter or lodging
0/1  Running out of gasoline
0/1 Tired of being on road
0/1 Hungry
0/1  Needed to use bathroom
0/1  Storm getting too close to continue
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22.

23.

24.

25.

26.

27.

28.

29.

30.

0/1  Storm got stronger
0/1  Other; specify:
0/1  Don't know

Before you left your home, did you hear any announcements about traffic problems on routes you planned to use?
_1 Yes (GO TO Q22)

_2 No (SKIP TO Q23)

_9 Don't Know (SKIP TO Q23)

Did you change your plans as to which routes to use after hearing that?

1 Yes
2 No
9 Don't Know

After you left your home and were on the road, did you hear any announcements about traffic problems on routes you were
using or planned to use?

_1 Yes (GO TO Q24)

_2 No (GO TO Q25)

_9 Don't Know (GO TO Q25)

Did you change your plans as to which routes to use after hearing that?
1 Yes

2 No

9 Don't Know
i

1

9

)

d you use interstate highways for a significant part of your travel after you got out of town?
Yes (GO TO Q26)

No (GO TO Q27)

Don't Know (GO TO Q27)

2

Would you use the interstate highways again in future evacuations, or would you be more likely to use secondary highways?
Interstate

Secondary

Both

Depends on congestion

Depends on other factors

Other,

Don't Know

[oloal el

Were you familiar enough with the roads in the area where you were traveling so that you could change to a different route if
you wanted to?

1 Yes
2 No
9 Don't Know

Suppose that government officials urged you to use a different route than you would normally use, in order to avoid
congestion. Would you be willing to use a route recommended by officials, even if it took you out of your way before getting
you to your destination?

1 Yes

2 No

3 Depends

4 Other,

9 Don't Know

After you left your home and were on the road, did you hear any announcements about places you could seek shelter in case
you couldn't reach your destination?

_1 Yes (GO TO Q30)

_2 No(GOTO Q31)

_9 Don't Know (GO TO Q31)

Did you change your plans about where to seek shelter after hearing that?

1 Yes
2 No
9 Don't Know
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38.

39.

How long did it take you to get to where you were going? (WAS IT MORE OR LESS THAN 2 HOURS?) (USE 1 HOUR
INCREMENTS) (TAKE MIDPOINT) (88.8=NEVER GOT THERE) (99.9=DK) (ROUND TO NEAREST > HOUR)
Hours

How long did you EXPECT it take you to get to where you were going? (WAS IT MORE OR LESS THAN 2 HOURS?)
(USE 1 HOUR INCREMENTS) (TAKE MIDPOINT) (99.9=DK) (ROUND TO NEAREST : HOUR)
Hours

How long do you think it’s REASONABLE to take to get to where you were going in a big evacuation like Floyd? (WOULD
IT BE MORE OR LESS THAN 2 HOURS?) (USE 1 HOUR INCREMENTS) (TAKE MIDPOINT) (99.9=DK)
(ROUND TO NEAREST > HOUR)

Hours

In places where traffic was moving very slowly, what do you believe was the main cause for the delays? (CATEGORIZE;
PROBE UP TO 3)

0/1 Heavy traffic

0/1 Too many people left at one time

0/1 Too many people waited too long to leave

0/1 Road construction

0/1 Traffic accidents

0/1 Poor traffic management

0/1 Needed to use all available lanes for evacuating traffic (i.e., one-way)
0/1 Bad weather
0/1 Other,

0/1 Don't Know

While on the road during the evacuation, did you experience any difficulties such as running out of gasoline, your car
breaking down, or needing food, water, or a restroom? (CATEGORIZE — PROBE UP TO 3)

0/1 Yes, ran out of gasoline

0/1 Yes, car broke down/overheated

0/1 Yes, needed water

0/1 Yes, needed food

0/1 Yes, needed restroom

0/1 No

0/1 Other,

0/1 Don’t Know

After the storm had passed, did you have any difficulties returning to your home? (CATEGORIZE — PROBE UP TO 3)
0/1 Yes, couldn’t get information about returning home (when/how)
0/1 Yes, roads were blocked by damage or flooding
0/1 Yes, traffic was congested returning (i.e., traffic delays)

0/1 Yes, authorities wouldn’t allow entry into damaged neighborhood
0/1 No
0/1 Other

0/1 Don’t Know

Did you or anyone in your household require assistance in evacuating?
1 Yes

_2  No (SKIP TO Q40)

_3  Notsure (SKIP TO Q40)

Did the person just need transportation, or did they have a disability of medical problem that required special assistance?

_ 1  Transportation only

_ 2 Special need ( disability or medical problem)
3  Both

_ 4  Other, specify:

_ 5  Don’tknow

Was that assistance provided by someone within your household, or by an outside agency, or by a friend or relative outside
your household?

_ 1 Within household

_2  Friend/relative (outside)

_3  Outside agency
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41.

42.

43.

4 Other,
9 Don’t know

How many vehicles were available in your household that you could have used to evacuate?
__ Number of vehicles (IF 0, GO TO Q41; OTHERWISE GO TO Q42)
(9 =DK) (IF 1 OR MORE IN Q40, SKIP TO Q42) (8 =NA)
(RECORD “0" IF NO VEHICLES ARE AVAILABLE)

Did your household members leave in someone else’s vehicle, did they use public transportation, or did you evacuate another

way?

_ 1 Other’s vehicles (GO TO Q44)

_2  Public transportation (GO TO Q44)

_3  Other, specify: (GO TO Q44)
_9  Don’tknow (GO TO Q44)

How many vehicles did your household take in evacuating? (9 = DK) (8 =NA) (RECORD “0" IF NO VEHICLES WERE
TAKEN)
Number of vehicles

When you evacuated, did you take a motor home or pull a trailer, boat, or camper?

1 Yes

2 No

_3  Other, specify:
~ 9  Don’t know
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During the threat, did you hear either directly or indirectly anyone in an official position - such as elected officials,
emergency management, police, etc. - say that you should evacuate from your location to a safer place?

_1  Yes (GO TO Q45)

_2  No(GOTO Q47)

_9  Don’tknow (GO TO Q47)

Did officials recommend that you should evacuate or did they say it was mandatory that you must evacuate?
_1 _ Should

2 Must

~ 9  Don’t know

Did police or other authorities come into your neighborhood going door-to-door or with loudspeakers, telling people to
evacuate?

1 Yes
2 No
9 Don’t know

Considering your experiences in Floyd, what would you do differently in the future, given the same kind of situation as you

faced in Floyd? (CATEGORIZE) (PROBE UP TO 4)
0/ Would evacuate

_0/1  Wouldn’t evacuate
_0/1  Would leave earlier
0/ Would wait until later to leave

0/1  Would go further away
_0/1 Wouldn’t go as far away
0/ Would go to public shelter
0/ Wouldn’t go to public shelter
0/ Would use different route
0/ Would fill up with gasoline before leaving
0/ Would take food, medicine, other supplies
0/ Nothing different
0/ Other, specify:
_0/1 Don’t know




48. Suppose that in the future, public safety officials used a phased or staged evacuation system in your area. The idea would be
to avoid too many people getting on the road at the same time and causing the roads to get clogged with traffic. If officials
asked that you delay your departure for a few hours until after people from a more dangerous location in your area had begun
their evacuation, would you be willing to do that?

1 Yes
_2  Depends on proximity of the storm
_3  Depends on strength of the storm
_4  Depends on other factors
_5  Other,
_6  No
_9  Maybe/Don’t know
49. We're interested in how you got most of your information about Floyd - where the storm was; when it was going to hit; how

severe it was. I'm going to list a number of different ways you might have gotten information, and I'd like you to tell me
whether you relied upon that source none at all (0), a little (1), a fair amount (2), or a great deal (3). (READ & ROTATE)

Fair Great
None Little Amount Deal

a 0 1 2 3 Local radio stations

b 0 1 2 3 Local television stations

c 0 1 2 3 CNN on cable

d 0 1 2 3 The Weather Channel on cable

e 0 1 2 3 Other cable stations

f 0 1 2 3 The Internet % (DO YOU HAVE A COMPUTER WITH A MODEM)

g 0 1 2 3 Services like American Online or Compuserve

h 0 1 2 3 Word of mouth

IF “0” TO ALL, SKIP TO Q 54

50. Of those sources of information, did you find any one of them to have more accurate or useful information than the others?

1 Yes
2 No (SKIP TO Q52)

3 Don’t Know/Not Sure (SKIP TO Q52)

51. Which one was that?
1 Local radio stations
2 Local television stations
3 CNN on cable
4 The Weather Channel on cable
5 Other cable channel
6 The Internet
7 Computer services like American Online or CompuServe
9 Don’t know
52. Of those sources of information, did you find any one of them to have less accurate or useful information than the others?
1 Yes

2 No (SKIP TO Q54)

9 Don’t Know/Not Sure (SKIP TO Q54)

53. Which one was that?

Local radio stations

Local television stations

CNN on cable

The Weather Channel on cable

Other cable channel

The Internet, if you have a computer

Computer services like American Online or CompuServe, if you have a computer
All equally inaccurate

Don’t know

54. Did you or anyone in your household have to go to work while the Floyd evacuation was going on?
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58.

59.
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1 Yes (GO TO Q55)
2 No (SKIP TO Q56)
9 Don't Know (SKIP TO Q56)

How did that affect the way your household responded during the evacuation?
Not at all

Kept household from evacuating

Kept part of household from evacuating

Delayed household from evacuating

Delayed part of household from evacuating

Other,

Don’t Know

[efofr o

At one point Floyd’s maximum sustained winds were 155 MPH. That’s almost a category 5 hurricane, stronger than hurricane
Andrew. If Floyd had made landfall near your location with winds of 155 MPH, do you believe your home would have been
at risk to dangerous flooding from storm surge or waves?

1 Yes
2 No
9 Don't Know/Depends

Considering both wind and water, do you think it would have been safe for you to have stayed in your home if Floyd had hit
near your location with winds of 155 MPH?

1 Yes

2 No

9 Don't Know/Depends

Later, Floyd’s maximum sustained winds decreased to 125 MPH. That’s a strong category 3 hurricane, almost as strong as
hurricane Hugo. If Floyd had made landfall near your location with winds of 125 MPH, do you believe your home would
have been at risk to dangerous flooding from storm surge or waves?

1 Yes

2 No

9 Don't Know/Depends

Considering both wind and water, do you think it would have been safe for you to have stayed in your home if Floyd had hit
near your location with winds of 125 MPH?

1 Yes
2 No
9 Don't Know/Depends

In Floyd, what kinds of steps, if any, did you take before the storm arrived to protect your property? (CATEGORIZE)

(PROBE UP TO 3)

_0/1 Apply window protection

_0/1 Apply door/garage door protection

| Secure or remove loose objects from yard
Move boat, camper, etc.

Prepare gool
Elevate furniture, appliance, rugs, etc.

Protect documents, photos, etc.

Sandbag propert

Purchase items for repair after/during storm (plastic film, plywood)
Buy/rent generator

Secure plants

Cut limbs

Other (Specify)

None

Don’t Know/Not Sure

~ <]
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Have you identified the safest location in your home to ride out a strong hurricane if you had to?
1 Yes
2 No
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63.

64.

65.

66.

69.

70.

9 Don’t Know/Not Sure

Do you have any kind of window protection such as storm shutters, security film, or plywood sheets designed to protect the
windows during a strong hurricane?

1 Yes (GO TO Q63)

2 No (SKIP TO Q64)

9 Don't Know/Not Sure (SKIP TO Q64)

What kind of protection is it?
Permanent roll-down metal panels
Removable metal panels
Plywood sheets
4 Security Film
5 Impact-resistant glass
6  Other
9  Don't Know/Not Sure

IF ANSWERING Q63, SKIP TO Q65

If not why not? (CATEGORIZE)
Don’t need it

Too expensive

Don’t think it works

Don’t have enough time to do it
Other (specify)

Don’t know

About how much do you think window protection such as storm shutters would cost per window? (PAUSE - READ IF

NECESSARY)

Under $10

$10 to $50

$50 to $100

$100 to $200

$200 to $500

Over $500

Don't Know/Not Sure

Do you believe window protection like that would mainly just prevent the windows from breaking and reduce the danger of
flying glass, or do you believe they would also significantly reduce the total damage your house would suffer in other ways?

1 Mainly Windows

2 Total Damage Also

9 Don't Know/Not Sure

Other than window protection, what permanent improvements, if any, have you made to your home to reduce the damage to
your property in a hurricane? (CATEGORIZE) (PROBE UP TO 2)

0/1 Roof/truss Strengthening

0/1 Door/Garage Door Protection

0/1 _Flood proofing

0/1 _Other (Specify)

0/1 _None

0/1 _Don’t Know/Not Sure

Is your home or building elevated on pilings or fill material to raise it above flood water?
1 Yes
2 No

9 Don't Know/Not Sure

How much money do you plan to spend this year on changes to your home to make it stronger or safer from hurricanes?
(999=DK)
$

If your homeowners insurance company offered to reduce the price of your insurance premium by 15% if you were to make



71.

72.

73.

74.

75.

76.

77.

78.

79.

your home stronger by installing permanent window protection such as storm shutters, would you be willing to it?

(IF NO, PROBE WHY NOT)
1 Yes

No, already have window protection

No, would cost more than it saved

No, would look unattractive

No, don’t need them in this area

No, don’t own home

No, other

Depends on Cost/Savings

_2
_4
_S5
_6
_1
_8
9  Don’t Know

What was the most damage, in dollars, you’ve ever experienced to your property as the result of a hurricane?

None

Less than $1,000
$1,000 to $4,999
$5,000 to $9,999
$10,000 to $24,999
$25,000 to $49,999
$50,000 or more
Don’t Know/Refused

NOW WE HAVE JUST A FEW MORE QUESTIONS FOR BACKGROUND PURPOSES ONLY.

Which of the following types of structures do you live in? Do you live in a: (READ)

1 Detached single family home?

2 Duplex, triplex, quadaplex home?

3 Multi-family building -- 2 stories or less? (Apartment/condo)
4 Multi-family building — 3 to 6 stories (Apartment/condo)

5 Multi-family building — more than 6 stories (Apartment/condo)
6 Some other type of structure

9 Don’t Know

10 Refused

How close do you live to the beachfront? (READ)
On the Beachfront?

One block or less?

More than a block but less than a mile
More than a mile

Don’t Know

Refused

How close do you live any other water body such as a bay, river, or sound? (READ)

1 On the waterfront?

2 One block or less?

3 More than a block but less than a mile
4 More than a mile

9 Don’t Know

10 Refused

How old were you on your last birthday?
Number of years (99 = DK) (88=REFUSED)

How long have you lived in your present home? (ROUND UP) (99 = DK) (88=REFUSED)
Number of years

How long have you lived in the Tampa Bay Region? (ROUND UP) (99 = DK)(88=REFUSED)
Number of years

How many people live in your household, including yourself? (99 = DK) (88=REFUSED)
Number of people (IF 1, SKIP TO Q60)

How many of these are children, 17 or younger? (99 = DK) (88=REFUSED)



Number of children

80. Do you own your home or rent?
1 Own
2  Rent
~ 3  Other
81. Do you have any pets?
1 Yes
2 No
~ 9  Refused

82. Which race or ethnic background best describes you? (READ)
1 African American or Black
2 Asian
3 Caucasian or White
4 Hispanic
5 American Indian
6 Other

9

Refused

83. Which of the following ranges best describes your total household income for 1996? (READ)
Less than $15,000

$15,000 to $24,999

$25,000 to $39,999

$40,000 to $79,999

Over $80,000

Refused

84.

=

ich category best describes your education level?
Some high school

High school graduate

Some college

College graduate

Post graduate

Refused

oo

Thank you so much. Sometimes my supervisor will call people to check on my work. May I get your first name in case she
wants to check?

85.

RECORD INTERVIEW INFORMATION ON RESPONDENT DISPOSITION SHEET

86. Sex of respondent __ 1 Male 2 Female
87. Interviewer ID

88. Date of survey

89. Phone number

90. Risk Zone 1 = High Risk/Cat 1

2= Moderate Risk/Cat 3-5
3= Coastal Non-Surge
4=Non-coastal

91. State 1 = Florida
2 = Alabama
3 = Mississippi
4 = Louisiana

92. Sample Area
1 = Dade/Broward, Florida

2 = Treasure Coast, Florida
3 = East Central, Florida



4 = Northeast, Florida

5 = Brunswick, Georgia

6 = Savannah, Georgia

7 = Beaufort, South Carolina

8 = Charleston, South Carolina

9 = Myrtle Beach, South Carolina
10 = Southeast, North Carolina
11 = Northeast, North Carolina
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Accessing the Travel Demand Forecasting System

The program may be accessed over the Internet. The WEB address for the home page is
www.fematdfm.com. Once at the home page menu, select the Evacuation Travel
Demand Forecasting Model link to enter the program.

/defanlt.asp - Microsoft Internet Explorer

Home Page
" Behavioral Analysis
. Study
Executive Summary
: components/
links to
. S A
Evacuation Travel Demand Forecasting Model Technical Paper technical )
documentation

" Reverse Lane Standards and ITS Strategies

|@ Done yili ';3 Local intranet

Select the Evacuation Travel Demand Forecast System link



Once the Evacuation Travel Demand Forecasting System link is selected a log-in screen
will appear. Using the pull down menu select the user name. The user name are listed by
agency or state. The passwords have been established and will be distributed to each
agency or state. Lastly, click on the Login button to enter the program.

HAgldress I@ Sloginasp ™| @ Go H Links >

Welcome

Please select User Name and Enter Password:

USER NaME: EEYEGIEN|

|@ Done ’_’_ ';3 Local intranet

User Name
and
Password



Menu
Buttons

Once there is a successful log in, the main map screen will appear. This is the screen from
which the application is driven. The map displayed on this screen will show those
counties whose data has been committed by storm category (category of storm is based on
inputted information). Also, roadway volumes will be displayed based on congestion
levels. A legend to the right of the map describes the colors displayed on the map.

tlyy3wn7/sens/Mapping/MapDefault.asp - Microsoft Internet Explorer

JEile Edit Wiew Favortes Tools Help H o

=InkA I e I ES = HAeressl@ hitp:/thy3 || @ Go HLinks ®

Select a State: |Florida ~| Select a County: |Alachua =l <
4 A N
Baker
= oy Bay — -
: gl ¥ Legend
*) A “ Bradford A M
=T o oy = oty Brevard L
- e % |Broward O UNIES) EVACUATION
5 g A AT Calhoun Category1 EOUTES
[1] R S orimgenmnidl C harlotte Ho
£ = 3 o . A o Citrus . Category 2 — Congestion
= e i . Then = Clay D Category 3 Light
seckirli rrcoc) e, s Collier - Congestion
Cats 4
L abpaahe T o, = X l:‘ ategory Iloderate
huees - i . Category 5 - Congestion
bl o : ; & l:‘ No Heavy
Ay o Evacuation - Congestion
= . - .
oV - Extreme
o o e o - Congestion
2 ZNh
P deen -
2 % e
4 "
oD 00 0
|@ Done ';3 Localintranet

Select
State and
County

Legend



Zoom In and
Zoom Qut
may also be
used to select
a county

-

County
Variables

Help and
Home
buttons

Entering Evacuation Variables as Inputs

Each county must commit data for the model to forecast traffic volumes. The data are
committed using the County Variable menu button. The button is only available once a
county is selected on the main map screen map.

There are two ways to select a county. One is to select a state of interest and a county
from the pull down menu on the upper left hand side of the screen. The second way is to
select a county by using the Zoom In and Zoom Out function on the right hand side of the
screen. Click on Zoom In and then click on the county of choice on the map. This process
is continued until a desired viewing level is reached. A Help button is available at all
times that links to this User’s Manual. Also, the Home button is a link back to the home

page.

20 http://tlyy3wn 7/seus/Mapping/MapD efault.asp - Microsoft Internet Explorer

File Edit View Favortes Tools Help H S =D A | D = @“%. v HAeress |@ hitp: b3 | @ Go HLinks 2
Select a State:[Florida *] Select a County: [SESTRNG_GN -| <
— =
Legend
[EX o
@.r? COUNTIES EVACUATION
Bl q ROUTES
- ategory Ma
— . Category 2 - Congestion
= ¢ D Category 3 Light
b l:‘ - a Congestion
- akegory Iloderate
. Category 5 - Congestion
2 l:‘ Ho Heavy
s . Evacuation - Congestion
v Extreme
- Congestion
2\
[
?
@
=
oo
Done -!g Local intranet
el _

Once a county has been selected it is highlighted in yellow. Also, the County Variables
menu button is available. Select County Variables from the menu bar to enter data to
commit a county.

Select State
and County
from pull

down menu



The County Variables screen allows for county data to be committed. The state and
county selected are listed on the left side of the screen for reference.
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The first input variable category of storm. Select the category of storm for which an area
is evacuating.
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The second input is the participation rate. The participation rate refers to the compliance
rate for the percent of the population that is actually believed to be evacuating.

Select a State: |Florida ~| Select a County: (Dade 'l

FEvacuation Variables
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The third input County Variable is tourist occupancy. Low, medium or high must be
selected based on the current tourist occupancy of an area. A reference table is list below
showing for a particular county the difference between low, medium, and high occupancy.

a http:/tlyy3wn7/seus/Mapping/MapD efault.asp - Microsoft Intermet Explorer

J File Edit View Favortes Tools Help H AT @ ﬁ|@ @ @“%v v HAQE[I’ESS I@ htip:f fthyy3 = @ Go HLjnkS »

Select a State: |Florida ~| Select a County: |Dade 'l

B EFvacuation Variables

State: FL Commit County For Evacuation

County: Dade 1-59 / 20 west of Birmingham to

[T 0 SW Florida / FT Myers 8
ICateguryS v[ Mississippi
100% ~ Greenville /Spartanburg Area 0 Charlotte / Western NC 0
IW;, N(H]Mmi]_]lmms“ an](_v Mount 0 168 Ciwritik to \.’il‘?iniq (1]
I-95 - to Virgima 3 Macon Area 5
For-Referemce: F-Z‘S N?}ﬂleast of Birmingham to 0 SE Flotida 0
Low Medium High ehnessee
1817 FElizs ity
BCopeny Evacustion Vaiates)00 45,000 50,000 Atlanta Area 5 i?i(:'oliniljom of Elizabeth City to
_ﬂ Category 2 40,000 45,000 50,000 Kentucky 5 Tﬂll_ll)fl Bay Area 7
ed Category 3 20,000 95,000 100.000 NE Florida / Jacksonville 15 Aiken / Augusta GA 0
el Category 4 160,000 170,000 180.000 Florence Area o 140 west of Asheville to 0
) _ Temeszee
Category 5 160,000 170,000 180,000 o ‘ Ocala / Gainesville/ N Central .
OTE: Values on the Right MUST Total Fit Pierce / West Palm Area 0 15
1y
Lo0%e NC' T-95 South Towns / Favetteville Savannah Area

County Evacuation Variables

) T Byieamews

Reference table showing differences between low,
medium, and high tourist occupancy

Select
Tourist
Occupancy
level



A final input for County Variables are destination percentages. Sets of default destination
percentages have been established for each county. Even though these variables may be
edited, it is highly discouraged. These destination percentages have been established
based on behavioral analyses.
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Once the necessary County Variables have been entered, the county data may be
committed. A button labeled Commit County for Evacuation may be clicked on and the
application will then apply the variables to the roadway network. These variables may be
changed at any time. The user may return to this screen and reselect the input variables.
Once Commit County for Evacuation is chosen, the model will recalculated roadway
congestion based on the new information.
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If a county needs to be uncommitted at any time, No Storm should be selected from the
Storm Category pull-down menu. The model will then recalculate traffic volumes based
on the new information.

Commit
County
data that
has been
entered



Select Route
option

Other Variables

Another variable that may be inputted is Route Variables. Route Variables contain
information about a particular roadway segment to be changed and/or add traffic count
information. This may be done at any time whether a county has committed data or not.

A route must be selected to access the Route Variables screen. Select a route by choosing
the Select Route button and clicking on the desired route. Depending on how zoomed in
or out the map is will determine how many routes are selected. Selected routes will be
highlighted in yellow. Only one route may be selected at a time to view in the Route

Variable screen.
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Once the route is selected, the Route Variables button is available on the menu bar. Select
the Route Variables button to go to the editing screen.
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Once in the Route Variables screen, two variables may be edited and one added. To edit
variables, select the Edit Route Information at the bottom left side of the screen.
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Once Edit Route Information is selected, three fields may be edited. One is the service
volume/capacity. This allows the user to increase or decrease capacity on the roadway
segment. Also, directional number of lanes may be changed. The variable that may be
added is traffic count. Every time a traffic count is added, the accumulated traffic count
field will keep track of the total traffic count since the first entry.
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Once the variables have been entered, the new route information may be committed by
selecting the Commit Route Information. The impact of the changes may be viewed on
the main map screen by selecting the Map button on the menu bar. If the original values
need to be restored, a Restore Route Values is available. This option will restore the
default values at any time no matter how many changes have been made.
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Analyzing Output

There are several ways to analyze output. One is to view the data that has been
committed. This may be done from the main map screen. This screen will display the
counties that have been committed and the roadway congestion. A legend is to the right
of the map. Select the Identify button and then the county for which the data is to be
viewed.
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The screen will display the data for the selected county.

Input data
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If route information is also desired, then a route must be selected. The number of routes
that are included in the /dentify report depends on how far the zoom is extended.

STATE:

MODEL ESTIMATED VOLUME:
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State to State Data

Another output available is State to State data. The State to State button is located on the
menu bar of most screens. Once the State fo State button is selected, a table will show the
total evacuating traffic volumes crossing state lines. This information will be for all

counties with committed data.
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The State to State data table shows directional traffic volumes for all roadway segments
that cross state lines in the model.
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Plotting

Plotting is a capability that allows for hard copies of the data to be produced for analysis.
The map on the main map screen may be plotted at anytime using the Plotting button on
the menu bar. The map in the view will be plotted as is.
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Once the Plotting button has been selected, two inputs are necessary. One is to select the
plot size/paper size. The second is to input a title.
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The plot will include the legend that is on the main map screen.
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1.0 INTRODUCTION

In September of 1999, Hurricane Floyd skirted the Southeast Coast of the United States and made
landfall in eastern North Carolina. During the storm’s life, an estimated 3 million people evacuated
from their homes in the states of Florida, Georgia, South Carolina and North Carolina. This storm
occurred two weeks after Hurricane Dennis made landfall in eastern North Carolina. Hurricane
Dennis saturated the ground before Hurricane Floyd struck. This resulted in unprecedented flooding
in that part of the state. Hurricane Floyd was a Category 4 storm that closely followed the path of
Hurricane Hugo in 1989, until 2 days before it made landfall. For these and many other reasons, the

affected population took this storm more seriously than past storms.

Consequently, officials in the affected areas witnessed record congestion problems. For example,
the trip on I-26 from Charleston to Columbia, S.C. normally takes approximately two hours.
Reports of 16-18 hour travel times were commonplace. The normal trip time from Savannah to [-95,
which is a half hour drive, took 3 hours. Evacuees traveling westbound from Jacksonville, Florida

experienced travel times of seven hours per 35 miles.

The unusual circumstances that surrounded this event, a very active storm season and very high
water levels encountered only two weeks prior to Hurricane Floyd, presented unexpected problems
for the public agencies responsible for evacuating affected areas. The agencies were better equipped
to deal with Floyd than previous hurricanes. They mobilized and pre-positioned personnel and
equipment in anticipation of landfall. The public, responding at an unusually high rate to the
evacuation warnings, created unanticipated and unprecedented congestion. Elected officials and the
public were not aware of the dynamics involved and voiced some dissatisfaction with the
management of the traffic congestion. They also felt that management agencies could have provided
more information to the public. The impact of Floyd on the transportation system offered
transportation officials a window to identify some areas for improvement. While there have been
public complaints about the evacuation process, the evacuations in all states accomplished their

primary purposes:
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e Evacuees from the vulnerable areas of each state evacuated before the damaging

weather arrived.

e The evacuation occurred without loss of life.

According to FHWA statistics, 3,600 people move to the coasts. This equates to 1,314,000 people
per year. In addition, the baby boomer generation is aging and starting to retire. The coastal areas
are particularly affected as they becomes less a seasonal population and more permanent population.
With the present rates of growth along the Atlantic and Gulf coasts, it would not be practical to
construct a roadway network with the capacity necessary to evacuate the number of people that
evacuated during Floyd. Public agencies need other strategies to manage evacuation traffic and

resulting congestion during such large storms.

In October 1999, the U. S. Army Corps of Engineers contracted PBS&J to “conduct studies to
determine the nature and causes of the transportation problems encountered during the evacuation”.
The Corps of Engineers also charged PBS&J with “developing specific recommendations and tools
to assist the emergency management community to reduce or eliminate transportation problems in

the future”, in the four southeastern states of Florida, Georgia, South Carolina and North Carolina.

The purpose of this report is to develop two specific tools to assist transportation officials in the

management of the hurricane evacuation planning process. The tools include:

e Strategies to transpose “coast-bound” lanes of travel to the direction of evacuating

traffic on controlled access facilities, such as the Interstate Highways; and

e Intelligent Transportation System (ITS) applications that will better manage existing
roadway capacity, manage traffic congestion and provide more information to the

affected public.

e The use of an Intelligent Transportation System (ITS) involves the use or application

of technology to improve the efficiency and safety of transportation systems. This
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includes transporting people and freight using the modes of car, truck, bus, rail, air

and water.
As the project developed, it was determined that many of the technology recommendations
developed by the states or PBS&J were not purely ITS applications. Therefore, we expanded the

second part of our scope to include these non-ITS applications of technology.

We are grateful for the cooperation and assistance of the state and federal agencies. Personnel from

these agencies conceived many of the recommendations presented in this report.
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2.0 TRAFFIC CONDITIONS DURING HURRICANE FLOYD

2.1 INTRODUCTION

The states of Florida, Georgia and South Carolina began collecting traffic counts before the
evacuation and continued throughout the reentry period. The respective DOT’s collected the counts
with both permanent traffic counting equipment and portable traffic counters. SCDOT and GDOT
personnel made some sample manual counts during the evacuation process. These counts were
directional volume counts only. Without speed data, there are unexplainable peaks and drops in the
count data that are partially attributable to the high congestion. Based upon the count data alone, it
is not exactly clear when the congestion eased or the traffic volumes dropped. We have summarized

the traffic counts below.

2.2 FLORIDA

Florida Department of Transportation personnel collected traffic counts on I-10, I-75,1-95, S.R. 528
and the Florida Turnpike, among other roadways during Hurricane Floyd. FDOT polled permanent
count stations and made sample counts. FDOT personnel plotted the counts against the yearly
average. Evacuations began in South Florida on September 13 at 4:00P.M, and continued into

September 14 in Duval County, with the voluntary evacuation order given at 10:00 A.M.

1-10

On September 13, westbound traffic on I-10 in Baldwin County, west of Jacksonville, jumped to
a peak of 2,400 vehicles per hour (vph), a figure equivalent to 133% of the normal traffic volume

on that roadway segment.

The westbound traffic volumes rose to a high of 3,200 vph on September 14. Westbound traffic
volumes returned to near normal conditions by September 16. Eastbound traffic, during reentry
on September 15, rose as high as the westbound traffic during evacuation on September 13. The

reentry counts showed sharp drops each day between 6:00 P.M. and 6:00 A.M. Complete count
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data was not available further west on I-10.

1I-75

FDOT collected some sample counts on I-75 in Hamilton County, south of the Georgia state line, on
September 16. The southbound volumes were half of the normal volumes. The peak 9northbound

volumes (2,200 vph) were 176% of the normal peak volumes (1,250 vph.)

1-95

FDOT polled permanent count stations at four locations along I-95 during the storm, between the
dates of September 13 and 17™. Those locations are in St. Lucie County, Flagler County, south of
St. Augustine, Duval County, south of I-295 on the south side of Jacksonville and Nassau County,

two miles south of the Georgia state line.

At the St. Lucie site, the level of northbound traffic rose to 136% (1,550 vph) of the normal level on
September 13, at 2:00 P.M. Traffic returned to normal conditions by the afternoon of September 16.

The southbound reentry traffic remained below average throughout the afternoon of September 17.

In Flagler County, the northbound traffic was much higher and peaked on both September 13™and
14™ at 2,300 vph, or 177% of normal conditions. Traffic remained very high all day for those two
days. The expected nighttime drop in traffic between 6:00 P.M. and 6:00 A.M. was 64% of the
normal P.M. peak hourly traffic for the day. The southbound traffic rose 15% above normal during
the September 13 evacuation. However, the southbound reentry traffic volumes did not rise above

normal conditions.

Complete count data was unavailable for the site south of [-295. Count data was collected during the
evacuation period, which began at 10:00 A.M. on September 14> and the count peaked at 2,300 vph,
or 177% of normal conditions. The southbound traffic counts jumped up on September 14 at noon,
by 5% over the peak hourly rate. The southbound counts remained at or below normal conditions,

except for a short increase of 13% in mid-afternoon on September 16.
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At the Nassau County count station, the northbound traffic rose 40% on September 13 to 1,750 vph
and to 200% or 2,400 vph on September 14. The amount of the increase was almost equal to the
increase at the site south of I-295. This could indicate that there was little route diversion to I-10, or
simply that more traffic from north Jacksonville replaced the traffic that was diverted to I-10. The
latter is more likely the case. The southbound volumes remained far below normal throughout the

week, including through reentry.

Florida’s Turnpike

FDOT collected count data from sites in Broward, Palm Beach and St. Lucie Counties. FDOT
suspended toll collections on September 14’ and resumed operations on September 16, for the area
south of West Palm Beach. Toll collections resumed on September 17, for the area north of West

Palm Beach.

At the Broward site, traffic volumes remained well below normal during evacuation and increased
slightly by 12% in both directions during reentry. At this location, the roadway appeared to be

underutilized.

On September 13, the northbound traffic jumped 246% to 1,600 vph, at the Palm Beach site. During
reentry, northbound traffic remained near normal levels. The southbound traffic spiked much higher
and dropped much more sharply. On September 13, 15 and 16, the southbound counts peaked at
146% (950 vph), 141% (920 vph) and 130% (830 vph), respectively, above normal conditions.

Interestingly, the nighttime drops were sharper and longer than normal.

Traffic county data at the St. Lucie site was not available before September 14. The northbound
traffic on September 14 jumped 375% to 1,400 vph. The traffic volume dropped just as sharply in
the evening, and remained well below average until September 16. Similarly, the southbound traffic
volumes during reentry on September 15 also jumped 443% to 1,775 vph, within four hours, and
then experienced a similarly rapid reduction in volume that evening. The traffic volumes through

the night of September 15 and during September 16 remained at 150% to 200% above normal.
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S.R. 528 (Bee Line Expressway)

The Bee Line Expressway serves as a major evacuation route from the Brevard County area. This
route includes the cities of Melbourne, Cape Canaveral and Cocoa Beach, among others. Brevard
County issued the mandatory evacuation of the barrier islands of Brevard County at 4:00 P.M. on

September 13.

There are two count stations along S.R. 528. One is west of the Brevard-Orange County Line, and
the other is approximately 8 miles further west, and west of U.S. 441/S.R. 5. The westbound traffic
at the eastern site jumped very quickly, and peaked one hour after the mandatory evacuation. The
increase was 310% of normal traffic or 2,800 vph. Traffic volumes dropped sharply, beginning at
11:00 P.M. on September 13, but remained very high during the night. The westbound traffic
volumes peaked higher on September 14 with 3,000 vph, or 250% of the normal traffic volume for
the same period. Traffic volumes experienced a near vertical drop at 3:00 P.M. on September 14,
going from 2,400 vph to 350 vph by 5:00 P.M. At 1:00 PM on September 13, the eastbound traffic
rose 198%. Itis likely this eastbound movement consisted of people leaving work early in Orlando
to prepare for evacuation. After this movement subsided, eastbound traffic volumes remained very

low through 7:00 A.M. on September 15.

Traffic counts at the site west of U.S. 441, were considerably higher than the more eastern site. This
result was most likely due to evacuating traffic traveling on U.S. 441 from Vero Beach. Traffic at
this count station peaked on September 13 at 9:00 A.M. at 133%, or 2,950 vph, and then peaked
again at 233%, or 2,100 vph, at 5:00 P.M. Traffic peaked even higher on September 14 at 9:00 A.M.
at 141%, or 3,400 vph.

2.3  GEORGIA
GDOT collected counts at two permanent count stations on 1-95 and [-16. The State initiated the
one-way plan on I-16 from Savannah to U.S. 1 on September 14 at 3:00 PM, and continued the one-

way operation until 6:00 A.M. on September 15. During this period, the evacuation from Florida
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was already underway.

1-95

The I-95 count station is located near the town of Midway. The traffic volumes on [-95 rose sharply
from 6:00 A.M. to 12:00 P.M., and started to drop at 3:00 P.M. The peak hourly volume was 2,200
vph. This volume was 185% of the average weekday volume. The daily northbound volume was
also 185% of the average weekday volume. It is unclear whether the drop in traffic was due to
increased congestion, or the opening of the one-way operation. The daily northbound traffic
volumes between September 15 and September 17 ranged from 14% to 84% of the average weekday
volume. As expected, the southbound traffic volumes dropped between September 14 and
September 17. On September 16, the southbound daily traffic volume was 16% of the average

weekday volume.

I-16

The I-16 count station is located near the town of Dublin. Unfortunately, this count station is west of
the original limits of the one-way operation. On September 14, the westbound daily traffic soared to
468%, or 42,275 vehicles per day (vpd), of the average weekday volume. The count remained very
high on the morning of September 15 at 196% of the average weekday volume, but dropped quickly
after 9:00 A.M.

The eastbound traffic volumes on I-16 dropped to 61% of the average weekday volume on
September 14. The highest hourly volume was 423 vph. On September 16, traffic volumes during
reentry jumped to 34,675 vpd or, 380%, of the average weekday volume and peaked at 2,742 vph in
two lanes. This increase was followed by 21,550 vpd, or a 136% increase over the average weekday

volume on September 17.

24 SOUTH CAROLINA

During evacuation and reentry, SCDOT continuously polled the permanent counters to view
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developing trends of the counts. SCDOT also placed some portable counters on non-Interstate
facilities. SCDOT has six permanent traffic count stations on Interstates 26, 526, 95 and 20.
SCDOT personnel plotted the counts collected during the week of the hurricane against data

collected the week before, comparing data to reveal trends in traffic volumes.

1-20

This Interstate is an east-west facility that runs from I-95 in Florence, through Columbia to Augusta,
Georgia. Count Station 42, located west of Florence, experienced very high westbound volumes.
The westbound 24-hour count on September 14, 1999, was 233%, or 20,200 vpd, of the previous
week. The counter showed no westbound volume until 10:00 A.M., when it registered an immediate
and rapid increase. The westbound count peaked that day at 5:00 P.M. at 1,806 vph or 903 vph/lane.
As expected, the counts dropped off rapidly between midnight and 7:00 A.M. on September 15. On
September 15, the westbound count peaked at 1,974 vph, or 989 vph/lane. By 5:00 P.M., the volume

dropped below counts for a normal weekday from the previous week.

The counts on 1-20 indicate the roadway was underutilized, since the counts never reached the
roadway capacity of 3,000 vph in one direction. It is reasonable to assume the behavioral response

may have been lower in the northern part of the state than the southern part.

1-26

There are two permanent count stations on [-26. Count Station 20 is between Columbia and [-95,
near the Town of Bowman. Count Station 31 is west of S.C. 642, between 1-95 and Charleston. The
voluntary order to evacuate the Charleston area was effective at 7:00 A.M. on September 14. The
mandatory order followed at 12:00 P.M. Traffic was one-wayed westbound from Charleston to I-95
at 9:30 P.M. on September 14. Conversely, traffic was one-wayed eastbound from I-77 to

Charleston on September 17 at 10:00 A.M.

At Count Station 31, on September 14’ the traffic rose sharply and peaked at 10:00 a.m. with 4,500
vph, indicating that the count virtually doubled from the previous week. Beginning at 10:00 A.M.,
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traffic volumes decreased steadily over two hours to 1,300 vph. This decrease seemed to be
indicative of heavy congestion slowing traffic over the counter and reducing the traffic count.
During the evening hours, traffic volumes wavered between 250 and 1,100 vph. The daily traffic on
September 14 was 25,270 vpd, or 60% of the daily traffic observed during the previous week.

Westbound traffic volumes remained well below normal through September 17.

The eastbound counts closely match those in the westbound direction. Eastbound traffic levels
bottomed out by 10:00 P.M. at less than 10 vph on September 14. Traffic remained at very low
levels through September 16. The eastbound traffic counter did not register any traffic counts during
the westbound one-way operation. This counter is an older ATR model than can only count in one
direction. The SCDOT would need to change the wiring to allow for counts in the opposite

direction.

At Count Station 20, westbound traffic peaked on September 14, concurrently with traffic at Station
31, even though Station 20 is further west. At Station 20, the westbound counts remained high and
the daily total was 44,924 vpd, or 297% of daily totals from the previous week. The traffic volumes
fluctuated by 700 vph, but remained well above normal levels, through 12:00 P.M. on September 15.

During the eastbound reentry, the westbound counter recorded no volume.

During the one-way eastbound reentry, traffic volumes on the eastbound lanes peaked at 4163 vph
and stayed within the range of 3,800 to 4,000 vph for eight hours. This measurement equates to
2,000 vph per lane. Traffic volumes dropped quickly after 8:00 P.M. The daily volume for the
eastbound lanes was 322% of the daily volume for the previous week. Traffic remained high at

35,900 vpd, or 175% of the daily volume for the previous week, through September 17.

Traffic counts on [-26 show the potential of what a successful one-way operation can accomplish.
During the westbound evacuation, the maximum volume per lane was 1,445 vph. The westbound
evacuation was heavily congested with lengthy delays. SCDOT and Highway Patrol (SCHP)
personnel confirmed the traffic flowed very smoothly during eastbound reentry. The eastbound

maximum per lane volume was 2,082 vph.
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1-526

1-526 is a loop Interstate around the Charleston urban area. It currently extends from U.S. 17 in
Mount Pleasant, counterclockwise across the Wando, Cooper and Ashley Rivers to U.S. 17, west of
Charleston. Count station 46 is located between 1-26 and Mount Pleasant. Eastbound traffic
traveling toward Mount Pleasant dropped to nearly zero by 11:00 P.M. on September 14. Eastbound
traffic volumes on September 14 were 85% of volumes from the previous week. Traffic returned to
near normal levels, 80%, by September 17, without the typical sharp A.M. and P.M. peak hour
volumes. The westbound traffic on September 14 dropped sharply after the first hour of the A.M.
peak hourly traffic. Traffic volumes rebounded slightly at 10:00 A.M., and then dropped quickly,
with some erratic jumps through the day until midnight. Based upon observations of traffic, the
heavy congestion, and the difficulty of merging onto [-26 could account for the sudden drops in

traffic counts.

1-95

I-95 runs parallel to the coast and is located 15 miles inland near the Georgia State Line and upwards
of 60 miles inland elsewhere in South Carolina. The entire route does not serve as a primary
evacuation route, since it only carries traffic parallel to the coast. Evacuating traffic uses small

sections of 1-95 to connect to westbound evacuation routes, particularly in the Hilton Head area.

Count Station 28 is between the Georgia State Line and I-26. The mandatory evacuation of Chatham
County, Georgia was issued effective September 14 at 7:00 A.M. The voluntary order to evacuate
the coastal counties of South Carolina was effective at 10:00 AM with a mandatory evacuation

effective at 12:00 P.M.

Northbound traffic for September 14 was 27,200 vpd, or 160% of the volumes from the previous
week. Traffic levels peaked at 11:00A.M. at 1,919 vph. Traffic remained well above average until
11:00 P.M. Traffic essentially dropped to zero on September 15 for the entire day. The traffic flow
was essentially back to normal by 2:00 P.M. on September 16, with 87% of the levels from the week

before.
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Southbound traffic at Count Station 28 increased by 23% to 18,000 vpd on September 13. The
peaking pattern matched the previous week. There was a more pronounced increase of the counts to
a higher peak in the northbound direction on September 14. Volumes peaked at 2:00 P.M. at 2,244
vph. The daily volume was 25,400 vpd, or 145% over the daily volumes in the previous week.
Traffic did not drop to levels equal to the previous week, until midnight. Traffic volumes were at

30% of normal on September 15.

While counts at station 28 were much higher than in the preceding week, they remained below
capacity. This does not mean [-95 was underutilized. The results do indicate that due to I-95’s

orientation, it is not as critical a link as the east-west routes.

Count station 19 on 1-95 is northbound between the Cities of Manning (northeast of I-26) and
Florence. The counts at that location on September 14 were 129% (5,222 vehicles per day) of the
counts from the previous week. For the next two days, the northbound daily count was 54% (2172
vehicle per day) of the daily average of the previous week. The counts did not peak sharply, but
rather, showed gradual increases. Similar to 1-20, it would appear that this section of I-95 was

underutilized, since the counts did not drop suddenly, indicating a possible congestion problem.
A significant number of evacuees were diverted to I-26 to move inland and seek shelter. This
diversion considerably reduced traffic on [-95 north of I-26: however, this diversion of traffic further
magnified the congestion on [-26. In the future, SCHP will have a field commander stationed at the
interchange to make any decisions to shut down the ramps between the two Interstates.

2.5 CONCLUSIONS

There are a number of general observations that one can make about the count data. They are:

e The daily traffic count totals confirmed and supported the reported congestion problems.
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If one analyzed the counts, using the Highway Capacity Manual software, it would
appear the level of service should be good, and at least level of service C in some cases.
Visual observations by DOT personnel and law enforcement agencies indicated the
levels of service were much lower. This would indicate the counts were capacity

constrained and did not reflect the true demand that was delayed by congested roads.

Generally, the changes in traffic volumes during reentry were generally not as sharp or as

high as that during evacuation. This is expected.

An invaluable source in future storms would be the collection of vehicle classification
and speed data. These data would allow engineers to determine the cause of the
fluctuations in traffic due to heavy congestion, versus those associated purely with
changes in volume. Engineers could better assess the level of service, or how well traffic

flowed.

Some traffic counters were not designed for counting two ways, when the one-way
operation was in effect. DOT personnel have to change the wiring on “ATR” models to

count in the opposite direction.

Additional count stations are needed to provide a better understanding of some types of

traffic movements.

The polling of the permanent count stations and the collection of sample counts

manually, can provide leading indicators or trends of developing problems.

The highest per lane volumes were between 1,500-1,650 vph. Beyond that level, it

appears based upon reported events that the traffic flow broke down.

The counts collected on [-26 during the one-way reentry demonstrate the potential
capacity for reentry. By all accounts, the one-way reentry worked very well with

minimal incidents.
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3.0 USERNEEDS

PBS&J, with assistance from the Federal Highway Administration (FHWA), conducted interviews
with the stakeholders in the four states. These interviews, supplemented with telephone calls to
follow up, served to define the status of present and past hurricane planning and ITS applications,
and to define the agencies’ future developments. The interviews were excellent debriefings of what
worked well and what did not. We conducted the interviews as opportunities for the stakeholders to
express their own assessments of their hurricane evacuation processes. Nevertheless, most
importantly, these interviews were used to identify their respective needs. The personnel from the
Departments of Transportation included senior management, traffic engineering, maintenance and
operations staff. The highway patrol personnel included field personnel directly involved in the
evacuation, including communications and senior management personnel. The following agencies

were interviewed:

Florida
Department of Transportation (FDOT)
Department of Law Enforcement (FDLE)
Department of Community Affairs (Emergency Management Division) (DCA)
Florida Highway Patrol (FHP)

Georgia
Department of Transportation (GDOT)
Georgia State Patrol (GSP)
Georgia Emergency Management Agency (GEMA)

North Carolina
Department of Transportation (NCDOT)
State Highway Patrol (NCSHP)
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South Carolina

Department of Transportation (SCDOT)
Highway Patrol (SCHP)

The results of those meetings are documented in Appendix B. From these interviews, we have

determined that there are multiple users with various needs. The three users identified are:

evacuation personnel (transportation officials, law enforcement officials, and emergency

management agency officials at state, county, and local levels); evacuees (residents and tourists); and

the media. However, we also recognize that the needs of evacuees and the media are very similar.

Therefore, we have categorized user needs into two groups.

First, the needs identified for evacuation personnel to address:

Planning sessions at the multi-county and multi-state levels;

Better coordination between various evacuation agencies (such as transportation, law
enforcement, and emergency management agencies) at the local, county, multi-county,
and multi-state levels during an emergency;

More convenient tools to communicate with each other;

More convenient tools to communicate with the public;

Timely information at all levels concerning road closures, road conditions, weather,

expected travel times, incidents, lane closures, and availability of alternative routes;

Capacity of evacuation routes, increased and efficiently utilized to reduce the potential

for operational failures during evacuation;

Capacity of local streets that provide access to and from evacuation routes, increased and

efficiently utilized to prevent bottlenecks at evacuation route access points;
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Evacuation route designs examined and modified, if necessary, to accommodate

evacuation management strategies;

Methods and strategies to maximize the efficiency of detecting, responding to and

clearing incidents on evacuation routes;

Policies regarding the lifting of toll fees;

Data collected and archived for the development of future evacuation plans and to ensure

the validation of models used in developing plans; and

Evacuation strategies that reduce the time required for implementation, due to the short

time period available for evacuation.

Evacuees and the media have a different set of needs identified below; these needs primarily refer to

the subject of information.

Timely and accurate information regarding evacuation route conditions, including
expected travel time to destinations, incidents, road closures, lane closures, weather, the
route to a certain destination, and the availability of alternative routes, taking into

consideration that travelers may be tourists;

Timely and accurate information regarding services available at the evacuation
destinations and along evacuation routes, taking into consideration that travelers may be

tourists;
Timely and accurate information regarding the conditions expected at their selected

destination (shelters, hotels or private homes), taking into consideration that travelers

may be tourists;
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Timely and accurate information regarding alternative evacuation destinations to
evacuees that request this information, taking into consideration that travelers may be

tourists; and

Timely and accurate information to evacuees at evacuation destinations, regarding

conditions at home.
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4.0 ITS TECHNOLOGY REVIEW

The purpose of this section is to introduce Intelligent Transportation System (ITS) technologies that
are candidates for deployment on evacuation routes. The section also presents a discussion of the

applications of these technologies to the evacuation process.

4.1 SURVEILLANCE SYSTEMS

The successful deployment of ITS applications depends on reliable and accurate data on traffic
conditions in the transportation network, in as close to real-time as possible. Network surveillance
systems provide the required data. In general, network surveillance can be classified as traffic
detection systems, CCTV cameras and environmental detectors. The communication systems

between the field devices and traffic management centers are discussed in Section 4.7.
DETECTION SYSTEMS

Detection systems collect various traffic parameters that are used by advanced freeway and surface
street traffic management, advanced traveler information and other ITS functions. These parameters

include occupancy, volume, vehicle classification, queue length and speed.

During the evacuation process, detection systems can be used to:

Provide automatic detection of incidents;

e Provide data to support the implementation of various control strategies;

e Monitor traffic trends during the evacuation process;

e Provide data necessary for traveler information systems; and

e Provide historical data for planning future evacuations.
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Traditionally, inductance loop detectors have been the predominant type of detector used. Loop
detectors have several advantages compared to other technologies, including their mature technology
and accuracy in measuring traffic flow. The main disadvantage of loop detectors; however, is the
difficulty of installation and maintenance without disrupting traffic flow. Loop detectors can also

require frequent maintenance and repairs, resulting in an increase in their life-cycle costs.

Several non-intrusive technologies have been used for traffic detection, to overcome the problems
associated with loop detectors. These technologies include passive infrared, active infrared, true
presence microwave, Doppler microwave, passive acoustic, pulse ultrasonic and video image

processing. These technologies vary in their capabilities and cost.

Criteria that may be used to compare traffic detector performance include accuracy, environmental
susceptibility, reliability, functionality, maturity, ease of installation and calibration, potential
disturbance to traffic during installation and maintenance, susceptibility to construction activities (if

such activities are planned) and the type of communication medium available/required.

The capability to detect traffic accurately during adverse weather conditions is of particular
importance to the hurricane evacuation process. In addition, if reversible lane or shoulder-use
strategies are to be implemented, the selected technology should be capable of detecting traffic on
the reversed lanes and/or shoulders, if used. This is important because some detection technologies
need to be installed facing traffic. Such technologies might not be appropriate for reversible lane
operations. In addition, if the detection technology is to be used to enforce reversible lane operations
by detecting violators, then a detection technology that allows the detection of wrong way traffic

might be used.

The capital and life cycle costs of detection vary significantly, depending on the selected
technology/device. When comparing costs between technologies, both the unit cost as well as the
number of units required should be considered. In addition, capital, operation and maintenance costs

must be considered.



Closed Circuit Television (CCTV) Cameras

CCTV is an important component of transportation network surveillance. CCTV cameras can be

used to:

e Verify congestion or incidents detected by system sensors;

e Obtain more information such as the location, cause and nature of the incident and

congestion in order to respond appropriately and more quickly;

e Verify that the incident or congestion has cleared;

e Monitor evacuation route operation, including operation of Dynamic Message Signs

(DMS) and driver responses to DMS and Highway Advisory Radio (HAR) messages;

e Monitor ramp metering operations, if used;

e Monitor local streets that provide access to and from the evacuation routes; and

e Assess impact of hazardous objects and the degree of flooding on the road.

CCTYV systems consist of video camera units, mounting structures, controller cabinets housing the
control equipment, communication system connecting cameras to control centers, video monitors

and camera controls located at the control centers.

With the explosive growth of video cameras in the private consumer market, the CCTV camera
technology is being advanced significantly on a regular basis. Most major CCTV vendors have
introduced Digital Signal Processing (DSP) cameras. DSP cameras offer several advantages over
their analog counterparts, including electronic zoom, potential improvement in image quality,
reduction in size and weight, image stabilization, reduction in power and potential improvement in

reliability. CCTV camera technology is continuously changing, with new advancements occurring
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over short periods.

One important decision in selecting a CCTV camera involves whether to use color or black-and-
white cameras. Black-and-white cameras generally have higher resolution than color cameras. In
addition, black and white cameras have better low-light performance than color cameras, which
makes them better cameras in locations where there is a lack of highway lighting. On the other
hand, color camera images are more pleasing and allow a sharper depiction of individual vehicles, if

such a description is needed for the ITS application.

For freeway applications, it is necessary to use zoom lengths that provide a wide angle of view to
view all lanes (and shoulders) in both directions at close ranges. The zoom lengths must also allow
for zooming in on a location up to at least half-mile a way. The lens must also work in low-light

conditions.

CCTYV camera enclosures are used to protect the camera from environmental conditions. Sealed and
pressurized camera housings are normally used for ITS applications. Camera enclosure units come

with a sunshield and waterproof seal to protect the camera and lens assembly from moisture.

CCTV camera locations on evacuation routes should be selected to provide views of evacuation
routes, adjacent street operations, on-ramp operations and off-ramp operations at major access points
to the evacuation routes. If possible, the locations should be selected to provide views of DMS's for
message verification. The CCTV cameras must be located and mounted to reduce the effects of the

severe environmental conditions of a storm, such as wind and rain.

Portable CCTV cameras can also be used, in addition to permanent CCTV camera installations.
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Portable systems are typically mounted on a light truck, van or on a trailer. These systems should

include portable power sources.

The cost of the CCTV camera itself, including the zoom lens, pan/tilt unit, camera control receiver
and environmental enclosure, costs approximately $5,000. However, the cost of the poles required
for camera mounting, around $8,000, and the cost of video transmission (depending on the selected
technology) can be high.

Environmental Detectors

Environmental detectors can be used to detect adverse weather and pavement conditions. Categories

of environmental sensors that could be useful for evacuation route monitoring include:

e Road condition sensors which measure wetness or dryness;

e Sensors that measure rainfall amounts and gauge rising water; and

e Sensors that detect the presence of heavy rain or high wind.

Several environmental detection systems are available commercially. Information from these

sensors could be used to decide whether or not to close the road. The information could also be

disseminated to travelers and used in incident detection algorithms.

Aerial Surveillance

Aerial surveillance systems use fleets of aircraft, such as helicopters and small planes, equipped with

video cameras to identify and report incidents and congestion.

The advantages of these systems include:

e They can cover a large area;
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e They can identify and verify incidents with the aid of video images; and

e They can help obtain information concerning traffic conditions, not only on the primary
evacuation routes, but also on other roadways for possible traffic diversion, and on the

access to and from evacuation routes.

One disadvantage of these systems is their high capital and operating costs, particularly when the
goal is to provide full coverage of a large area for long periods. Time of detection is obviously a
function of aircraft headway. In addition, the operation of these systems can be affected by severe

weather conditions.

Probe Surveillance

Probe surveillance provides an alternative approach for surveillance of the roadway network.
Vehicles acting as probes can provide information on each link traversed. This information can be
transmitted to a central computer, where it can be used to determine the traffic conditions in the
network including link speeds, link travel times and origin-destination of vehicles. Emerging
technologies that use vehicles as probes include automatic vehicle identification (probably using the
equipment that is used for electronic toll collection), automatic vehicle location identification and

cellular telephone probes.

4.2  TRAFFIC INFORMATION DISSEMINATION

Traffic information dissemination allows traffic information to be disseminated using roadway
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equipment like DMS's or HAR. The emphasis is on the provision of basic traffic information or
other advisories that require minimal or no add-on in-vehicle equipment to receive the information.
Careful placement of the roadway equipment provides the information at points in the network

where the drivers have a recourse, and can tailor their routes to account for the new information.

Dynamic Message Signs (DMS’s)

DMS’s are traffic control devices used for warning, regulation, routing and management. The DMS
display can be electronic or mechanical and can include words, numbers or symbols. DMS’s could

be used for two main purposes during the evacuation process:

e Advisory: DMS's can be used to display a variety of information to motorists, including
incident locations and nature, traffic conditions, severe environmental and weather
conditions, toll status and lane/shoulder/ramp use status. Timely, reliable and useful
travel information allows drivers to make decisions about changing routes, mode of

transportation, time of travel, destination, lanes and/or preparing to slow down or stop.

e Guidance: DMS's can be used to display alternative evacuation routes, alternative

destinations and/or alternative shelter locations.

A DMS unit consists of a display board and controller. These signs can be controlled remotely,

using a communication system, or can be programmed in the field to display the messages.

The DMS’s should be placed at points on the evacuation routes, and on the local streets leading to

these routes, where drivers have a recourse and can tailor their routes to account for the newly
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presented information. In addition, DMS’s could be placed at intermediate points between
interchanges, particularly in rural areas where the freeway interchanges are far apart, to deliver travel
information to motorists. Information regarding travel times and conditions would reduce the

anxiety level of motorists stranded in traffic.

DMS's can only deliver a limited amount of information to motorists. This is because motorists
approaching the DMS’s only have a limited time to read, comprehend, remember and react to

highway advisory or guidance messages.

DMS’s can either be permanently installed or be portable, to serve a specific need. The technologies
for the portable DMS displays are the same as those for permanent DMS displays. Portable DMS’s
should include portable power sources. The primary source could be a diesel engine or solar panels.

The back-up system is often a battery system or a diesel engine. The sign is either mounted on a
trailer pulled by a separate vehicle, or mounted on a truck. The North Carolina Department of
Transportation (NCDOT) uses trailer-mounted DMS units, semi-permanently installed where there is
a telephone and power drop. This gives the Department the option of moving these signs around, if
needed. The South Carolina Department of Transportation (SCDOT) will have predetermined sites
for the DMS units. Each site will allow the anchoring of the DMS trailer and might include a

telephone line drop.

Permanent signs are normally installed on truss support structures, cantilevers or existing structures.
The truss support structure is the ideal structure type, because it provides excellent visibility.
However, it is the most expensive alternative. The structure and installation cost of a truss support
structure is about $80,000, compared to about $40,000 for a cantilever structure. Permanent DMS’s
installed on roadside concrete pedestals and portable DMS’s are acceptable, but are less effective
than truss-mounted and cantilever DMS’s, since they are not in the motorists’ line of sight. Some
DMS technologies also have narrow cones of vision, resulting in a decrease in the legibility

distances of the signs, as they are placed further away from the traveling lanes.

There are several DMS technologies available for highway applications, with varying capabilities

and costs. In general, these technologies can be classified into three different categories, including
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light reflecting, light emitting and hybrid. Light-reflecting signs reflect light from some external
source such as the sun, headlights or overhead lighting. These technologies include foldout, scroll,
rotating drum and reflective disk matrix. Light-emitting DMS’s generate their own light on or
behind the viewing surface. These include neon (blank-out), lamp (incandescent lamp), fixed-grid or
shuttered matrix fiber optic, and light emitting diode (LED) signs. Hybrid signs combine two DMS
technologies to produce hybrid displays. These include reflective disk/fiber optic and LED/fiber

optic.

DMS technologies vary in performance and costs. Some of the performance measures of DMS
technologies include visibility, legibility distance, viewing angle, sensitivity to the environment,
energy consumption, technology maturity, reliability and maintainability. The cost is also different,
depending on the technology. In general, light-emitting and hybrid technologies cost more and
perform better than light-reflecting technologies. A permanent, light-emitting sign costs about
$100,000. Depending on the support structure used, the structure and mounting cost is about
$70,000. Additional cost is required for communications between the traffic management center and

the DMS.

There are several types of communications media that can be used for transmitting data to and from
a DMS location. These include fiber optics, leased telephone lines, twisted-pair cable and wireless

communications. Section 4.7 contains a discussion of these technologies.

One important consideration in selecting DMS technologies for evacuation route operation is the
sign visibility and legibility distance under various weather conditions. Light-emitting and hybrid
technologies have better visibility and legibility distance than light-reflecting technologies. The
reversible lane/shoulder-use operations, if used, should be considered when selecting a DMS
technology and location. In particular, fiber optic and LED signs have a very narrow cone of vision.
If the number of lanes is increased in a given direction, the signs might not be legible to vehicles on
the outside lines. In addition, if shoulder operations are conducted, there may be a very limited
number of locations for placing portable signs. One possibility might be to locate DMS’s in the

median.
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Highway Advisory Radio (HAR)

Highways Advisory Radios (HAR's) are used to provide information to motorists in a specific
geographic area, via their automobile radios on the AM band. Just recently, the FCC has authorized
the use of low power FM HAR’s. The information can include alternative evacuation
destinations/routes, congestion on evacuation routes, incident information, shelter locations,
lodging/dining availability, gas station locations, rest area locations, weather information and other
advisory information. Communication technologies enable transportation agencies to call a recorder

or transmitter from a remote location and switch between prerecorded messages.

HAR has an advantage over commercial radio traffic broadcasts, in that commercial stations do not
broadcast continuous traffic information. In addition, since HAR has a limited range, it is possible to

disseminate information that is most relevant to the motorists in the HAR coverage area.

HAR messages should be short, to allow those who drive into the narrow HAR coverage area to hear

the message twice. This requirement limits message duration to 60 seconds or less.

HAR systems use either 10-watt transmission or low-power transmission (0.1 watt). 10-watt
transmission has a broadcast radius of about 3 to 6 miles. FCC Licensing is required for the 10-watt
HAR systems. The licensing procedure includes studies to confirm that the HAR system does not
interfere with other AM licensed broadcast stations. Low power systems (0.1 watts) do not require
licensing. With low power transmissions, transmitters can allow unique messages to broadcast for

smaller zones, compared to the 10-watt transmitters.

HAR can be classified into two types of systems:
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Vertical Antenna HAR Systems: These systems are the most widely used HAR systems.
They use individual antennae, or a series of antennae electronically connected together
to transmit information. Vertical antenna systems are small and easy to install, and less
costly than the cable systems discussed below. They can be used to disseminate
information to motorists before evacuation route entry (at the access points). However,
they are subject to damage by vandalism or weather, which could be a problem during
hurricane evacuations. In addition, the signal may interfere with other coverage HAR
zones on the same or adjacent roadways. Portable and permanent vertical HAR have

been used.

Inductive cable antenna HAR systems: These systems use cable installed either under the
pavement or adjacent to the road. Generally, the cable antenna systems operate at low
power levels (0.1 watt) and consist of an antenna using buried coaxial cable along the
roadside. This limits the transmission to a short lateral distance of 100 ft to 150 ft. The
signal system is strong enough to provide a full coverage of multi-lane facilities without
causing interference to other HAR systems. Ifinstalled below ground, these systems are
not subject to damage by weather or vandalism. These systems must extend the full
length of the coverage area and are more costly to purchase, install and maintain, and

cannot be transported from one location to another.

Portable trailer and van mounted vertical antenna HAR’s are in use today. The portable HAR
technology is the same as those in the permanent HAR systems, except for the alternate power
source and mobility requirements. Portable installations could be beneficial to hurricane evacuation
efforts, since they could be transported to evacuation routes whenever needed. However, the

susceptibility of vertical antenna HAR’s to weather conditions should be considered.

Ifa HAR system is utilized, fixed signage should be placed on the evacuation routes to indicate the
presence of the HAR stations. These signs should include a pair of flashing lights to inform
motorists of the presence of HAR messages. The sign locations should take into consideration, the

decision points along the evacuation routes and other sign locations on the routes.
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A vertical antenna HAR station costs about $60,000. This cost does not include the extra costs

required for communications and signing.

HAR operations can be controlled locally or remotely. Local control requires site visits to change
the HAR messages. Remote control involves calling the HAR station using a communication
medium such as a standard telephone line or a cellular telephone. The advantage of cellular
communications is that they do not require ground line installations. From the remote location, the
operator can turn the system on or off, load new messages, change messages and decide which

messages to play. This is the best method for controlling station operation.

4.3 FREEWAY CONTROL

Freeway control can be classified into dynamic mainline control and ramp control.

Dynamic Mainline Control

Dynamic mainline control can be used to increase the capacity of the limited access facilities to
accommodate traffic during the evacuation process. Reversing lanes or using shoulders as traveling

lanes will accomplish this capacity increase.

Dynamic mainline control includes the following technologies:

e Lane-use control signals: These are overhead signals that indicate lane use availability.
The signal displays used are a downward green arrow, amber X, flashing amber X and
red X. The displays are used to indicate whether a travel lane is available for use, using
the greed arrow or red X in the final on/off stages. They alert motorists to the gradual
shift in use by displaying amber “X” in a lane that is about to close or change direction
and a red “X once a shift is complete. The technologies used for these signals are fiber

optic, LED, neon (blank-out) and bulb matrix. The signals can be controlled and
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monitored from a central location, such as a traffic management center. In one

application studied, these signs are placed at an average of 1,000 ft.

Gates: Hydraulically or electrically controlled lifting gates (barriers) present a physical
barrier in the road that could be used to close the lanes to traffic. One example is the
Semaphore barrier gates, which are similar to the ones used for rail-grade crossing. The
gate control and monitoring can be done from a traffic management center. The software
at the traffic management center would prevent operation of the devices in an improper
sequence, such as the lowering of a gate without the corresponding popup delineators in

place (if such delineators are used).

Pop-up delineators: These systems can be used to raise or lower delineators remotely.

Movable Lane Barriers: These are physical barriers installed temporarily by transfer
vehicles to separate lanes of opposing traffic. Such barriers are often used in the
morning and/or afternoon peak periods. One type of such a barrier consists of three-foot

concrete segments, joined by pins.

Surveillance: Dynamic mainline control might include sensors that detect wrong-way
vehicles and CCTV cameras that allow monitoring of traffic and lane-use control signal

displays.

Ramp Control

Freeway ramp control involves the use of control devices, such as traffic signals, signs and gates, to

balance demand and capacity, in order to maintain optimum freeway operations and prevent

operation breakdowns. The primary applications of ramp control include entrance ramp metering,

entrance ramp closure, and exit ramp closure.

Entrance ramp metering includes allowing vehicles to enter the freeway at a given rate, typically 4 to
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15 vehicles per minute for single lane metering. The rates may be fixed, based on time-of-day, or
may be variable minute-by-minute, (traffic responsive) based on measured parameters on and off the
freeway main line. One or more signals are used to control the ramp traffic. Ramp metering can be
implemented on a local level, (for individual ramps) or on a system-wide basis. In system-wide
control, individual metering rates are determined based on the overall system conditions, not just the
conditions in the immediate vicinity of the ramp. System-wide control requires communications

between field controllers and the traffic management center

Entrance ramp and exit ramp closures involve closing ramps with automatic gates or manually
placed barriers. Manually placed barriers include cross bucks, barrels or cones. Automatic barriers
are similar to the ones used at railway crossings. Manual placement of barriers is labor intensive.
Thus, the use of automatic barriers that enable a ramp to be opened or closed automatically from a

control center increases the efficiency and flexibility of the operation.

Ramp control system operation can be enhanced with the use of other ITS elements, such as network
surveillance to modify the control strategy, and information dissemination technologies to notify

travelers of changes in ramp operation.

In general, a ramp control system includes signal displays (signals), local controller, vehicle
detectors, control logic, communications and a central management system. Advance ramp control

signs with flashing beacon can also be used to warn motorists of changes in ramp operations.

Ramp metering and/or closure could be an important strategy to ensure efficient operations on
evacuation routes. However, these strategies should be evaluated to determine their potential

adverse effects on local traffic.

4.4 SIGNAL CONTROL SYSTEMS

Considerable benefits can be obtained from the implementation of computerized signal control

systems. These systems can coordinate the operations of surface street signals and integrate the

operations of these signals with other ITS services. In addition, they provide the ability to monitor
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the operation of various field devices from a central location, allowing the maintenance of system
operations with minimal resources. Operating parameters of the field devices can be checked and
modified from the central computer. In addition, the systems can produce various reports of

equipment and operation failures, and provide data for use in planning future improvements.

During the hurricane evacuation process, the signal control systems must be optimized to
accommodate the rapid changes in traffic demands during the process. The traffic timing plans
should be responsive to the changes in the demands as the evacuation process progresses. There is a
need for integrating the traffic signal control on the evacuation routes, the signal control on the
highways leading from and to these routes and other implemented ITS services such as ramp
metering, incident management and reversible lane control to achieve the overall system objectives.
Advances in computerized signal control, control algorithms and communication technologies will

allow the implementation of integrated control systems.

A typical computerized traffic control system consists of a central computer, local controllers, field
masters (if needed depending on system configuration), communication system, detection system,
signal displays and supporting structures. Many signal control systems are available in the market.
These systems can be classified into central, two-level distributed (hybrid) and three-level distributed
systems (closed loop systems). The user interface, equipment monitoring capabilities and data
management capabilities of these systems have improved significantly in recent years. Traditionally,
field signal controllers could be classified into NEMA controllers and Type 170 family of
controllers. In recent years, several controller vendors have introduced Model 2070 controllers,

which have superior processing capabilities compared to traditional controllers.

Most traffic signal control systems in the U.S. operate in the Time of Day (TOD) control mode. In
this mode, intersections are coordinated using timing plans that are switched at specific times of the
day/day of the week. Because of the day-to-day fluctuations in traffic patterns, traffic responsive
strategies have been developed to provide a better match of plan-to-traffic conditions, compared to

simple TOD selections.
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In the U.S., all traffic control systems can operate using the first generation traffic responsive
strategy. In this strategy, timing plans are developed off-line, using one of the signal optimization
models, and stored in the central computer and/or the field master in a timing plan library. Timing
plans are selected from this library based upon traffic conditions that are measured through a traffic
detection system. The traffic parameters used in the selection include volume, occupancy, queue

length or a combination of these factors.

Attempts have been made since the late 1970's to develop adaptive control systems that have higher
degrees of traffic responsiveness than the first-generation control strategies. In these systems, signal
timing parameters are generated on-line, based on detector measurements. In general, these systems
have produced better results than the first generation control, which selects the signal timing plan
from a library generated off-line from another month, perhaps another year. Currently, there are a
number of adaptive traffic control systems deployed around the world. The most widely used among
these are the British SCOOT and the Australian SCATS systems. Evaluation results show that these

systems can produce significant improvements in performance, compared to TOD control.

Early attempts to develop adaptive traffic control systems were unsuccessful, and did not gain
popularity. However, in the past few years, the Federal Highway Administration (FHWA) has
sponsored the development of a collection of adaptive traffic control strategies called RT-TRACS.
Promising results have been obtained from early field tests and simulation studies of the RT-TRACS

system and other SCOOT and SCATS systems used around the country.

Most traffic control systems in the U.S. allow the system operator to specify “special events” plans
that can be implemented for special traffic patterns that differ from the normal time-of-day/day-of-
week operations. Special event timing plans can be developed to accommodate various traffic
patterns anticipated during evacuation. As the evacuation process progresses, these timing plans can
be selected either manually in the field, by the operator at the traffic management center, by a traffic

responsive algorithm or by a combination of the two.

Existing adaptive signal control systems, on the other hand, must be reviewed to evaluate their

effectiveness in producing plans that accommodate shifts in traffic demands of the type expected
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during the evacuation process. Effectiveness of this type of system should not be tested during an

evacuation.

4.5 TRAVELER INFORMATION SYSTEMS

Traveler information systems can be used to disseminate real-time travel information to evacuees
during, before and after the evacuation and reentry processes. The information could include traffic
conditions, advisories, toll information, incident information and weather information. It could also
include the availability of such facilities as hotel rooms, eateries, rest areas, gas stations, stores and
hospitals and could allow hotel room reservations. The information is provided by traveler
information centers, and can be accessed by travelers either before the trip or while en-route. These
systems differ from traffic information dissemination systems that use HAR and DMS technologies
(see Section 4.2) in their ability to provide more information to travelers. This is because there is no

limit on message lengths with these systems.

The traveler information systems discussed in this section deliver travel conditions and service
information. This information could also include best routes and alternate routes, times, modes

and/or destinations for their trips.

In general, the traveler information systems can be classified into basic and interactive services.
Basic services include the collection and real-time dissemination of travel information, which are not
tailored to a specific traveler, but rather are disseminated over a wide area to all travelers through the
existing infrastructure and low cost user equipment, such as FM subcarriers and cellular data
broadcast. The information can be accessed using devices such as telephones (landline and

wireless), kiosks, television, radio, personal computers and Personal Digital Assistants (PDAs).

Interactive traveler information services differ from basic traveler information services, in that the
provided information is tailored to a traveler request. For example, travelers can specify a number of
routes and ask the system to provide the traffic and incident information that are relevant to these

routes. Interactive travel information systems could be:
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e Real-time interactive request/response systems, and

e Systems that send a tailored stream of information to the traveler, based on a pre-

submitted profile.

A range of two-way communication systems may be used to support the required digital
communications between travelers and the traveler information centers. Telephones, kiosks,
pagers, PDAs, personal computers, digital television and a variety of in-vehicle devices can be used

for interactive travel information systems.

In recent years, several traveler information systems have been implemented around the country
under public/private partnerships. Under these partnerships, private companies collect real-time data
from various sources and provide basic and interactive information to travelers. These systems

generate revenue through advertisement and/or the sale of information to travelers.

4.6 NAVIGATION/ROUTE GUIDANCE SYSTEMS

Navigation/route guidance systems differ from the traveler information systems discussed in Section
4.5, in that they provide travelers with very detailed information (turn-by-turn in many cases)
regarding best route, destination, mode and/or time for their trip. These systems can be categorized

nto:

e Static systems that calculate the best routes based on parameters selected by the user

(shortest route, scenic route, etc.) and the existing physical infrastructure; and

e Dynamic systems that calculate the best routes based not only on parameters selected by
the user and the existing physical infrastructure, but also on real-time traffic data, such as

incidents, travel time and roadway closures.

The equipment required for the static systems includes location determination, map database, best

route computation capabilities and interactive traveler interface equipment. No data exchange with
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the infrastructure is required since the devices themselves calculate the best routes. The static
systems can be vehicle-mounted or portable. The portable type uses handheld navigators, which are

extensions of the personal data assistants, such as palmtop computers.

The location determination function required for these systems is accomplished using Global
Positioning System (GPS), dead reckoning and/or map matching technologies. The static systems
can also include static yellow page information about restaurants, hotels, entertainment and
shopping. Many car manufacturers around the world are offering or are planning to offer static route
guidance as an option in their vehicles. Hand-held navigators are also commercially available.
Some of the in-vehicle systems include turn-by-turn guidance. Some systems can be operated by

voice commands and include speech interfaces that read directions and points of interests.

There are two types of dynamic route guidance systems. The first type is the device-based system.
These are becoming quite available in the market. These systems are an evolution of the static
systems that allow the route guidance devices to receive real-time information and determine the
best routes based on the information they receive. In addition to autonomous route guidance
equipment, this type of system requires a digital receiver capable of receiving real-time information
about traffic, transit and road conditions. The real-time information is received using two-way,

wide-area wireless or one-way (broadcast) communication technologies.

Another type of dynamic route guidance system is the infrastructure-based system. Infrastructure-
based systems differ from the device-based systems, in that the best routes are determined at a
central location rather than by the in-vehicle or portable device. This approach simplifies the in-
vehicle and portable equipment requirements. Furthermore, the route selection can be based on
better information regarding predicted traffic operations, taking into consideration the overall system
control strategy objectives in addition to individual traveler objectives. Such systems can also

provide turn-by-turn guidance and support pre-trip planning.

Other devices, such as kiosks, personal computers, telephones and pagers, can also be used to access

this information. Two-way data communications are required for infrastructure-based systems.
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4.7 COMMUNICATIONS BETWEEN FIELD DEVICES AND CONTROL CENTERS

This section briefly describes the types of the communication systems that have been used for data

and command communications between traffic control centers and field devices, such as traffic

controllers, DMS, HAR, detectors and CCTV cameras. The communication subsystem is one of the

most critical and expensive components of ITS systems. The types of information that are

communicated between the traffic control centers and the field devices include control commands,

detector data, video and field equipment status.

The following is a description of the landline communication technologies used for ITS applications:

Twisted-Pair Cable: Twisted-pair cable is traditionally agency-owned and can be used
for low-speed data transmission (1,200 bps - 9,600 bps). Installation can be underground
in conduit, underground by direct burial, or aerial using existing or new utility poles.
Twisted-pair cable bandwidth limitations prevent transmission of live full-motion
television images. However, recent technologies allow the transmission of slow-scan

television.

Leased Telephone Lines: Varieties of telephone circuits are available through local or
regional telephone companies for transmitting data. Voice grade data channels are used
for low speed data transmission between control centers and traffic signals, ramp meters,
DMS, detectors and camera control. Two-way digital data channels (2,400-9,600 bps)
are used for the above applications when higher data rates are required. T-1 channels
have a very high data capacity (operate at 1.544 Mpbs) and can be used for transmitting

video.

Fiber Optic: Fiber optic cable is a high capacity communication medium that is used for
transmitting data and video images via several communication channels with immunity
to electrical interference. To transmit video, voice and other data, the information is

converted to a coded pulse of light, introduced into the optical fiber and transmitted by
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internal reflection of the light wave within the fiber. Fiber optic communications

typically require right-of-way and conduit throughout the network.

e C(Coaxial Cable: Coaxial cable can transmit both data and video, via several
communication channels. Fiber optic technologies are increasingly being used to replace

coaxial cable systems.

Wireless communication technologies for ITS applications include:

e Radio Networks: Radio frequencies can be used to broadcast voice and data, but not

make video transmission. Radio frequencies can support a signal rate of 9,600 bps.

e Microwave: Microwave systems are point-to-point high frequency communication
systems that can be used for transmitting data and video. These systems are relatively

expensive due to the infrastructure costs required to interconnect communications.

e Spread Spectrum Radio: These systems operate by transmitting a signal bandwidth over
a wide range of the frequency spectrum. For this reason, electromagnetic noise has less
effect on signal integrity. Spread Spectrum Radio systems have been used for data and

video transmission.

e Cellular Radio: Cellular radio is based on the concept of “cells”, which are 2 to 20 miles
across. At the center of each cell is a control radio that handles the network management
functions, including the assignment of frequency sub-channels. Cellular technology is
not currently appropriate for continuous communication service due to the service costs
involved. However, it is a candidate for applications that require communications at

infrequent intervals. Cellular radio supports data and voice communications.

e Packet Radio: This technology is similar to the cellular radio technology, but it does not

support voice communications.
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e Satellite Communications: The costs of making frequent satellite transmissions are
generally excessive in comparison with that of other technologies. Long-haul trucking
companies are using mobile satellite technology communication for dispatching

purposes.

4.8 INCIDENT MANAGEMENT SYSTEMS

Incident management is a coordinated and planned approach for responding to incidents. Incidents
can be localized roadway incidents (such as crashes, stalls and road closures) or regional
emergencies (such as hurricanes, earthquakes and flooding). A successful incident management
system requires the involved stakeholders to coordinate and cooperate before, during and after an
incident. The stakeholders can include elected officials, state DOT's, enforcement agencies, fire and
emergency medical services, hazardous materials (Hazmat) agencies and contractors, offices of
emergency management, environmental protection agencies, towing services, service patrol
providers, regional authorities, media representatives, special event promoters, and information
service providers. Traffic management teams, that include some or all of these stakeholders, have
been established in many regions nationwide to address the need for coordinated incident

management in their regions.

The incident management process includes detecting, responding to and clearing incidents.
Detection of incidents can be automatic, based on data gathered using traffic detectors as discussed
in Section 4.1. They can be also based on other technologies such as cellular telephone calls from
motorists, aircraft patrols, fixed observers, motorists’ call boxes, service patrols and CCTV cameras.
In any event, a central system is needed for data fusion and for the determination of locations, types

and severity of the incidents.
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Various strategies have been used to reduce incident response and clearance times. These include
the use of equipment storage sites at key locations, tow truck contracts, highway service patrols,
incident response teams, accident investigation sites, legislation supporting vehicle removal policies
and on-site traffic control. In addition, several techniques have been employed to improve
emergency vehicle access and traffic flow, including barrier openings, barrier gates and emergency

ramps.

Other management strategies include police escorts and wrong-way entrance of non-emergency
response vehicles, shoulder utilization, contra flow diversion of traffic and alternative flow

diversion.

49 AUTOMATED VEHICLE LOCATION SYSTEMS

Automated vehicle location (AVL) systems track and monitor the location of vehicles. Shipping
companies and movers of valuable cargo were the pioneers of AVL applications to reduce losses due
to theft. Emergency service providers such as police, fire and emergency medical agencies have
coupled the technology with computer aided dispatching systems to provide quicker responses to
service requests. AVL technology consists of a geo-positioning satellite (GPS) receiver in the
vehicle that triangulates on stationary satellites to determine the latitude and longitude of the

receiver. Accuracy can be within a few feet, depending on the sophistication of the receiver.

The mobile unit in the vehicle includes the GPS receiver and a radio transmitter. The radio

transmitters can be VHF, cellular or digital phones. Some models offer the ability to add mobile
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data terminals and laptop computers. A unique code programmed in each unit provides a special
identity to that signal. The in vehicle unit can be programmed to send alarms for special events,
which would include a panic button signaling special assistance. A special event code can disable a

vehicle if reported stolen.

Commercial trucking companies are making extensive use of AVL systems to track valuable cargo.
Their systems also possess text-messaging capability in the vehicles. This feature can provide a
means to send specific weather alerts so trucks can accomplish a number of purposes. One, their
assets and cargo can be moved to a safe area. Two, truck volumes can be removed from the

evacuation routes early, thereby increasing the capacity of the facility.

Central site software monitors the location of the mobile units through their unique code. Color-

coded maps are available showing the location of the vehicles and their status.

4.10 COMPUTER AIDED DISPATCHING

Police, fire and emergency medical services use computer aided dispatch systems to more efficiently
track the location of vehicles. The systems allow dispatchers to send the closest available units, even
though they would be leaving their normal response area. The operators can use the systems to
refine patrol or response boundaries and better deploy special pieces of equipment through

examination logs of service calls.
The systems are map-based point and shoot technology. The software allows the dispatchers to see

the vehicle’s actual location in real-time. With incident information, the dispatcher can route the

responding vehicles around traffic backups.
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5.0 REVIEW OF ITS LEGACY SYSTEMS AND EXISTING
EVACUATION STRATEGIES

5.1 ITS APPLICATIONS AND SYSTEMS

This section presents a review of the existing and planned ITS systems in Florida, Georgia, North
Carolina and South Carolina that have a direct impact on hurricane evacuation planning. The list of
ITS projects is not all inclusive of the projects in each state. This review is important for the
selection of ITS technology deployments, because the type of existing and planned systems in the
region give an indication of what systems are most needed, feasible and proven. In addition, the
knowledge of existing and planned systems allows the selection of early ITS deployments that make
use of the capital expenditures already planned or spent for ITS deployment in the region.
Furthermore, the review of the existing systems will allow identification of the requirements for the
integration between these systems and any new ITS systems implemented for the evacuation

process.

FLORIDA

Intelligent Transportation Systems Strategic Plan for Florida: This project developed an ITS
strategic plan for Florida, which will serve to provide an overall vision and direction for ITS in

Florida.

Florida Statewide ITS Architecture and Standards: This project will develop an ITS architecture for
Florida.

Florida Fiber Network (FFN): This will be a shared-resources project that will provide about 2,000
miles of fiber optic cable and duct infrastructure, installed along one side of all interstate and
Turnpike roadways throughout the state. In exchange for this installation, the FFN contractor will

have the right to use DOT rights-of-way for its own commercial fiber optic network.
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1-4 ITS Corridor Plan: This study will provide an assessment of the I-4 corridor from Tampa to

Daytona Beach and produce ITS architecture for the corridor.

Regional Application of Rural ITS in Florida’s Coordinated Transportation System: This project
supports the efforts of the Florida’s commission for the Transportation Disadvantaged, to provide
regional, multi-agency application of ITS technologies in rural areas of Florida. The project will
provide transit service for the people that need these services for life-sustaining functions. The
project will provide a model for a regional, electronically coordinated transit service in rural areas

involving several transit and paratransit organizations.

The Florida Traveler Information Radio Network (TIRN): TIRN is a public/private partnership
between TIRN Broadcasting, Inc. and the Florida Department of Transportation (FDOT). According
to this partnership, TIRN Broadcasting provides a completely dedicated radio network, consisting of
19 commercial radio stations covering the State of Florida. FDOT provides right-of-way access for
up to 4,600 new roadway signs to be constructed in locations throughout the state, including the
Florida Turnpike and major expressways. The signs will advertise the radio network to travelers.
TIRN is responsible for purchasing and installing the signs. The FDOT will get one minute in each
ten for messages to travelers, and the right to take over the network to alert travelers if there are
major accidents or pending natural disasters. TIRN can sell four minutes of advertising for each ten-
minute period. After a period of time, a new contract will be negotiated that might require TIRN to
pay a fee to the FDOT, depending on whether or not a profit is made. It was estimated that TIRN
would invest about $9 million for the initial deployment of about 2,000 signs. The radio station

investment is estimated to be $25 million.

Motorist Call Boxes: FDOT is deploying a statewide motorist aid system using roadside call boxes.

Freeway Incident Management Teams: Several teams are operational in Florida.

Lee-Collier Incident Management Study: FDOT is studying possibility of implementing incident

management teams in the two-county area along I-75.
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Jacksonville I-10 Intelligent Transportation System: The project involves the construction of fiber

optic cable, CCTV cameras and vehicle detection along six miles of I-10, and is presently underway.

Jacksonville Interstate DMS: Eight DMS's located around Jacksonville are operational.

Jacksonville Transportation Management Center (TMC): The project will construct a 1,600-sq. foot

traffic management center (TMC) for the Jacksonville ITS systems.

Pensacola Bay Bridge: The project consists of wrong way vehicle detection, coupled with high

visibility signs and warning signals.

Pensacola Bay Bridge on I-10: The project consists of one permanently mounted dynamic message

sign and CCTV camera at each end of the bridge for incident monitoring.

S.R. 528 (Bee Line Expressway): The corridor has one dynamic message sign locate between S.R.

436 and U.S. 17.

1-4 Surveillance and Motorist Information System (SMIS): SMIS includes traffic surveillance,
incident management and travel information dissemination using DMS signs along 39 miles of -4
from US-192 to the north of Lake Mary Boulevard. The ITS technologies deployed on this section
includes fifty CCTV cameras, sixty-nine or stations spaced at 1/2 miles, twenty-four dynamic
message signs and five weather station indicating pavement conditions (wet or dry). FDOT will
extend the existing system to Saxon Blvd. (eastward) in Volusia County and to US 27 in Polk
County (westward). An option exists within this phase to extend the system an additional ten miles
to bring the system to SR 44 in Volusia County. The entire SMIS will be in place for the greater
Orlando area by the year 2008. The ultimate SMIS will include sections of SR 408, SR 417 and SR
528.

Daytona Beach Smart Highway Project: The project limits include I-4 between SR 44 (west) and I-
95 (east) and I-95 between I-4 (south) to US 92 (north). The system includes 10 CCTV cameras, 10

detector stations (placed approximately 1/2 miles a part) and 4 dynamic message signs.
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1-4 Motorist Assistance Program: This program is a public-private partnership that offers two

service patrol trucks on I-4 in Orange and Seminole Counties.

Orlando Area ATIS: An Advanced Traveler Information System with private information service

providers is planned for the Turnpike, I-4, SR 408, SR 417 and SR 528.

Broward and Palm Beach 1-95 and 1-595 Systems: A network of DMS's on the 1-95 and 1-595
corridors in Broward County is under construction, and a detection system for the I-595 corridor is

planned. FDOT plans to extend the DMS system to [-95 in Palm Beach County.

Service Patrols, Miami, FL: These roving service patrols provide motorist assistance for the I-95,

SR 836, SR 826, SR 112, SR 874, SR 878 and SR 924 corridors.

1-95 SunGuide Project, Miami, FL: The project includes DMS’s, trailblazer signs, detector stations,

accident investigation sites and ramp meters.

SunGuide Advanced Traveler Information Systems (ATIS): This is a public/private partnership in
Palm Beach, Dade and Broward Counties. Methods of information dissemination will include an
Internet Web Site, commercial radio and television broadcasts, automated call-in, and other personal
and remote devices. The private team will be responsible for data collection and dissemination
while generating revenue through the sale of travel information and advertisements to make the

service cost-effective.

Golden Glades Interchange, Miami, FL: The project is in progress and includes the installation of

DMS, CCTV and detectors.

1-275 Sunshine Skyway Bridge: The system warns travelers of high wind and/or poor visibility and
lowers speed limits during these periods using dynamic speed limit signs. The project includes wind

sensors, static signs with flashing lights and CCTV cameras.
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Florida Turnpike ITS System: Currently, Florida’s Turnpike has three HAR installations located at
service plazas throughout the Turnpike system. The HAR units are located at Snapper Creek Service
Plaza in west Dade County, Okeechobee Toll Plaza in north Dade County and the Palm Beach
Service Plaza near West Palm Beach. The Turnpike uses these units to provide customer service
information. The Turnpike has a traffic management center that currently serves as an incident

command center. Presently there are no CCTV, DMS or detection devices controlled by the center.

Florida Turnpike ATIS Phase I: The project will include 6 more HAR and 20 DMS installations.
They will be installed two per service plaza, two in Palm Beach County for route diversion to/from

I-95 and six in Dade County for route diversion to/from the HEFT and S.R. 874, S.R. 826 and I-75.

GEORGIA

Statewide Strategic Plan for ITS: Georgia DOT has prepared an aggressive 20-year plan for the
expansion of ITS. The plan includes four, 5-year sets of deployment objectives with regional
transportation control centers in each GDOT district. The plan includes the improvement or
complete integration with Atlanta Hartsfield International Airport, Ga. 400 Toll Plaza, Georgia State
Patrol, Georgia Emergency Management (GEMA), Savannah Ports Authority, regional railroads,

transit agencies and regional airports. GDOT plans to expand ATIS services and facilities.

Georgia Navigator: Georgia Navigator is DOT’s state of the art traffic management and traveler
information system. The system integrates freeway traffic management and surveillance, the
MARTA transit system, and city and county signal systems. Through the GIS-based traveler
information system, users can get current traffic congestion, expected travel times, airline schedules,
MARTA schedules and weather information. GDOT originally developed the system for the 1996
Olympics. It has been expanded within the Metropolitan Atlanta area. GDOT has added remote
traffic control centers in Athens and Savannah, and others are planned. The system includes 300+
video detection cameras, 45+ dynamic message signs, 67+ traffic surveillance cameras, one camera

mounted on a helicopter, and 110 information kiosks.

Weather Monitoring System: Georgia DOT is installing 16 remote weather stations. Maintenance
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personnel will use the system in their daily activities and the information will be on the traveler
information system for public use. Four of these sites are in the coastal area along 1-95 and 1-26.
This project is the prototype of a statewide system. The system will detect temperature,
precipitation, pavement chemicals, pavement temperature, etc. These sites are primarily in the rest

areas, weigh stations and welcome centers.

Fog Detection System: Georgia DOT is constructing a fog detection and warning system. It is
located on 1-95 between U.S. 82 (Exit 6) and U.S. 341 (Exit 7). This is an area of recurring fog
where the roadway crosses the Turtle River. The project includes two DMS’s in each direction and

two CCTV’s.

HERO’s: Georgia DOT established a system of motorists’ assistance patrols (HERO) for the
metropolitan Atlanta area before the 1996 Olympics. The HERO’s are equipped and trained to make

minor repairs, provide first aid, provide traffic control, and extricate accident victims.

Macon Signal System: Georgia DOT and the City of Macon are constructing a citywide signal

system with fiber optic communications and CCTV.

Savannah Signal System: Georgia DOT and the City of Savannah have jointly funding an advanced
traffic management system, including fiber optic communications, three DMS signs, one highway
advisory radio station, six CCTV cameras, and, initially, thirteen controllers. GDOT has installed

the Georgia Navigator software.

NORTH CAROLINA

Statewide ITS Strategic Plan: NCDOT is preparing a statewide strategic plan. The project includes
the development of stakeholders and a mapping of existing systems and facilities to the National ITS

Architecture.

Regional Traffic Management Centers: NCDOT has installed CCTV, dynamic message signs,

detection systems along I-85 and I-40 in the cities of Greensboro, Winston-Salem and Raleigh. Each
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has a regional traffic management center. The Raleigh center will also serve as central point for
regional and multi-state incident coordination. There are long range plans to establish TMC's in the
smaller cities of Asheville, Wilmington and Fayetteville. The CARAT system described below is

fourth regional traffic management area serving the Charlotte or Metrolina area of the state.

The regional traffic management centers are part of a multi-agency effort including State Highway

Patrol, local city traffic engineering agencies and 911 centers.

Incident Management Program: NCDOT has established multi-agency incident management teams
as part of its statewide incident management program. The teams include NCDOT, State Highway
Patrol, Emergency Management, police, fire and rescue agencies. The teams are currently in 20
counties. They have developed detour maps improved incident management practices. These teams
include incident management and motorist assistance patrols (IMAP) in the major cities along -85
and I-40. The cities include Asheville, Charlotte, Gastonia, Salisbury, Greensboro, Winston-Salem,

Durham and Raleigh. It is likely team(s) will be established in the northeast area of the state.

UTCS Signal Systems: NCDOT has installed UTCS (Urban Traffic Control Systems) computerized
signal systems in all of the major cities of the state, including the cities of Fayetteville, Raleigh,
Durham, Greensboro, High Point and Charlotte. NCDOT has upgraded each of the original systems

in the last 10 years with fiber optic communications, CCTV, software and controllers.

Closed Loop Signal Systems: NCDOT has installed closed loop signal systems in smaller cities
throughout the state and on key U.S. highways. These areas include Rocky Mount, Morehead City,

Jacksonville, Salisbury, Gastonia and Asheville, among others.
CARAT: NCDOT is constructing an integrated freeway management system along I-77 in Charlotte
through a design-build contract. The system will include a fiber optic communications system,

CCTV, dynamic message signs, and microwave and inductive loop detection systems.

Kinston Signal System: NCDOT has just awarded a construction contract to install a citywide signal

system, incorporating CALTRANS Type 2070 Lite controllers, CCTV and a fiber optic
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communications system.

Wilmington Signal System: NCDOT and the City of Wilmington constructed a citywide closed loop
signal system. The communication media used is twisted pair cable. The system continues to be

expanded with roadway construction in the Wilmington area.

Other ITS Devices: CCTV, HAR and DMS signs have been added in various locations along 1-40, I-
85 and 1-95. Along I-95 and 1-40, weather-sensing units have been installed to detect specific

recurring local weather problems such as fog.

SOUTH CAROLINA

Statewide Fiber Optic Network: SCDOT is considering a public-private partnership to install fiber
optic cable on all Interstate Highways. The State of South Carolina would obtain the use of a
specified number of fibers, and the private vendor would be able to market the rest for commercial

purposes.

State Traffic Management Center: SCDOT has developed a state traffic management in their central
office in Columbia to remotely monitor CCTV cameras along I-85 (Greenville and Spartanburg), I-
77 (Rock Hill) and I-26 (Charleston). Each of these systems has a local traffic management center
housed in a mobile office with the SHEP patrols. The traffic management center monitors various

closed loop signal systems throughout the state maintained by the SCDOT.

SHEP Patrols: SCDOT has established motorist assistance patrols (SHEP) along -85 (Greenville
and Spartanburg), [-77 (Rock Hill-metropolitan Charlotte) and I-26 (Charleston). The SHEP units
are equipped with push bumpers, fuel, water, winches and tire changing tools. They perform
incident management duties by shutting down lanes, protecting accident investigations and removing

debris from the roadways. The South Carolina Highway Patrol dispatches the SHEP patrols.

Charleston Signal System: The City of Charleston replaced their centralized signal system after
Hurricane Hugo with a newer system using CALTRANS Type 170 controllers.
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1-26 Widening: The latest widening of [-26 west of Charleston and 1-526 will include CCTV

cameras with remote monitoring in Columbia at the State Traffic Management Center.

5.2 REVERSE LANE EVACUATION STRATEGIES, PLANS AND SUPPORTING
ACTIVITIES

There are two efforts included in the states’ response to hurricane evacuation preparedness. The first
is an agency’s preparedness for storm cleanup and the restoration of normal services. Most state
Department of Transportation agencies have a system of placing their staff on standby before a
storm, readying certain equipment for clean-up operations, and even pre-deploying personnel and
equipment to staging areas before the arrival of a storm. This process expedites these agencies’
ability to respond to the damage by having their crews already en-route or staged before evacuation
activity begins. Highway patrol agencies have similar contingency plans. For example, the North
Carolina Highway Patrol places all patrol personnel on standby with orders to be ready to depart for
a one-week assignment with a 45-minute notice. They deploy their personnel in eight person squads,
headed by a line sergeant. The South Carolina Highway Patrol has a standby list for deployment to

coastal areas for hurricanes.

The second effort is the planning and implementation of measures to manage evacuation traffic. In
the aftermath of Hurricanes Hugo and Andrew, three states within this study area, South Carolina,
Georgia and Florida, realized they could not undertake large-scale evacuations such as Hugo and
Andrew. They initiated planning efforts to develop other strategies strictly as contingencies. These
study efforts included a plan to transpose coast-bound lanes of travel to the direction of evacuating
traffic on limited access facilities, such as the Interstate Highways. This activity is referred to as
one-waying. The following sections describe the states' efforts before Hurricane Floyd and their

present activities since that hurricane.

FLORIDA

District 8, Florida’s Turnpike, of the Department of Transportation (FDOT) and the Department’s
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Office of Statewide Planning both developed one-way plans after Hurricane Hugo. The Traffic
Operations staff prepared the District plan and included staffing and equipment needs. The Florida
Turnpike has some unique design features that made the original plan very difficult to implement.
That plan extended the entire length of the Turnpike from Dade County to Wildwood in Lake
County. An urban section without raised barrier wall runs the entire length of the Turnpike through
Dade, Broward and Palm Beach Counties. Most of the interchanges within this same area are a

trumpet design as shown in the Figure 5-1.

The important feature of the trumpet interchange design is that all movements on and off the
Turnpike are made through a single toll plaza. Two of the four movements are free, depending on
the plaza’s location, relative to a mainline plaza. The intersection of this combined two-way ramp,
with the crossroad results in large intersections that are difficult to barricade to prevent cars from
entering the closed roadway. The crossing roadways are typically six-lane divided roadways with
high volumes. The original plan included the use of approximately 250 Florida Highway Patrol
troopers. The single FHP Troop that serves the Turnpike has, at full strength, only 120 troopers.
Due largely to that staff requirement and the lack of an identified alternative to that staff need,

FDOT did not develop the plan further.

The plan, developed by the Office of Statewide Planning, looked at transportation improvements to
enhance roadway capacity for hurricane evacuations. The recommendations included strategies that
addressed planning and communication, transportation system management, transportation demand

management, capital improvements and funding issues.
FDOT conducted another study called Operation Crossover in 1997 that looked at a scaled back one-

way plan. This one-way plan extended from Lantana Toll Plaza in central Palm Beach County, to

the northern terminus of Florida’s Turnpike at Wildwood. This section covers a
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distance of 212 miles, seventeen interchanges, three main line toll plazas and six service plazas. It
included the use of 171 FHP troopers per shift, three FHP planes, three highway advisory radio
stations and six DMS signs. This study addressed the staffing needs in detail, EMS coordination,

equipment needs and wrecker services.

After Hurricane Opal in 1996, the agencies involved in emergency management, including Florida
Department of Community Affairs, Division of Emergency Management (DCA), FHP and FDLE,
developed a regional response plan to provide the proper staff and equipment to support hurricane
evacuation and recovery operations. The plans stipulated that agencies would not move personnel
and equipment from outside the region into the face of the storm. The agencies would confine
exposure to the storm to the local staff. The agencies were concerned that bringing in out-of-region
equipment and personnel would complicate the sheltering of emergency personnel and equipment.
The agencies were also concerned that exposing out-of-region personnel and equipment could
seriously reduce those agencies’ abilities to respond during rescue and recovery operations. The
regional response plans coordinated the individual county evacuation plans together. The regional
plans standardized the evacuation routes across a region. For each regional plan, each agency

involved agreed to specific duties during an evacuation, based upon available staffing.

DCA prepared a feasibility study to one-way I-75, Alligator Alley, across southern Florida, between
the Cities of Fort Lauderdale and Naples. This study found that Alligator Alley is underutilized as
an evacuation route. It examined various storm tracks affecting southeast and southwest Florida and
how one-waying I-75 either westbound or eastbound would affect the clearance times. The study
found that better utilization of Alligator Alley without one-waying would be more beneficial. While
there are some benefits to reduced westbound clearance times, the decision to use this strategy must
be balanced by the lack of shelters for evacuees in southwest Florida. The study recommended using
anything other than the normal lane configuration in only one scenario. In that one scenario, it was

recommended that the eastbound shoulder be used as a driving lane.
As part of the Governor’s Task Force efforts, the Florida Highway Patrol and FDOT have developed

a revised one-way plan for Florida’s Turnpike. This plan for the Turnpike will have a one-way

section from Fort Pierce to Osceola Parkway in Osceola County south of Orlando. FDOT will build
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a paved crossover in the median to move all traffic back to the normal northbound lanes. Figure 5-2
shows the corridor. This plan balances the very high staffing requirements with the additional
capacity benefits. This section does not have a barrier median. FDOT and FHP have estimated it
will take five to six hours to set up. The operation would be set up for implementation at daybreak,
and the one-way plan would operate only in the daytime. This would provide approximately twelve
hours of operation, including the two-hour dismantling of the operation. FDOT hopes this is an
interim solution. It is FDOT’s desire to widen the small bridges in this section and to use the

shoulder as a third lane in the future.

The Task Force staff has developed some criteria for deciding whether to use a one-way plan. This
criteria includes times of advisory, expected landfall, arrival time of the tropical force winds, watch
and warning issuances, probabilities of landfall, portions of coast in the maximum probability areas,
changes in probability from previous reports, storm’s angle of approach, storm intensity (current and
forecast), changes in central pressure and etc. Generally, the State is targeting Category 3 storms or
greater, increasing strength in storm conditions (higher wind, lower pressure, forward direction), two
or more counties (principally in the south, southwest and Tampa Bay areas, counties with clearances

of 36 hours or greater.

In addition, FHP has led an effort to develop one-way plans for the following facilities. This has

been a cooperative effort of FHP, FDOT, State Emergency Management Division, National Guard,

FDLE and the various local sheriff’s police and emergency management agencies. The routes are

shown in Figure 5-2 and listed below:

e [-10 westbound from Jacksonville to Tallahassee

e [-10 eastbound from Pensacola to Tallahassee

e -4 eastbound from Tampa to Orlando

e [-4 westbound from Orlando to Tampa
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S.R. 528 (Bee Line Expressway) from [-95 to Orlando

Alligator Alley westbound from Broward County to west coast

Alligator Alley from eastbound from the west coast to Broward County

I-75 northbound from Charlotte County to Tampa

FHP and FDOT have developed detailed materials, equipment and staffing plan for each corridor.
These plans will include a list of equipment and materials that must be purchased or

rented. These agencies are working with the State Emergency Management Division and the Florida
Department of Law Enforcement to find additional law enforcement resources. They have
developed the staffing plans using the uniformed law enforcement personnel such as FHP and the
Game and Fish Commission first. The plans include the use of non-uniformed officers such as
FDLE. National Guard will fill any unmet needs. FHP and DOT will train and equip the non-
uniformed officers and National Guard personnel in traffic control techniques. These agencies have
recognized that if they use the National Guard, the go/no go decision to implement a one-way plan
would have to occur earlier. The National Guard is a part-time occupation for essentially all of its
force. Historically, it takes the National Guard twelve hours to mobilize. The National Guard does
not have powers of arrest; they can only detain suspected lawbreakers. FHP has found that drivers,

particularly in time of emergency, will obey uniformed officers with
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marked patrol cars better than military and DOT personnel. Field assignments, at the grassroots
level, will include a mixture of FHP, National Guard and other law enforcement personnel.
FDOT and FHP are studying methods to close the crossovers during normal operations and the
ramps during one-way operations. They are considering movable gates and detachable guardrails as
long-range solutions.
The staffing plan for the candidate corridors, beyond that for other evacuations needs are as follows:

e [-10 westbound: 155 officers

e [-10 eastbound: 156 officers

o [-4: 210 officers

e S.R. 528 (Bee Line Expressway): 20 officers

e Alligator Alley: 155 officers

e [-75 northbound: 209 officers

Florida’s Turnpike (S.R. 91): 77 officers

These officers will come from the Florida Highway Patrol, DOT, Florida Marine Patrol, Game and

Fish Commission, various Sheriff’s offices and local police departments.

The State conducted a field exercise May 16-18, 2000 as part of a larger exercise to one way 1-10
from Jacksonville to Tallahassee as part of the annual hurricane preparedness exercises. The
exercise included the mobilization and deployment of personnel and equipment, but it stopped short

of actually closing the roadway.
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GEORGIA

After Hurricane Hugo, the Georgia Department of Transportation (GDOT) District Office in Jessup
developed a detailed operations plan to one way I-16 from Savannah to U.S. 1 as a contingency. The
architects of the plan did not establish criteria for implementation, including the category of storms
that would warrant use of the plan. Since Georgia State Patrol (GSP) had not embraced the plan
along with other state and local agencies, GDOT developed the plan using their own vehicle
enforcement officers. The plan required the reversed eastbound lanes to exit at U.S. 1. If these
drivers wanted to continue west on I-16, they had to cross over I-16 and reenter at the westbound
ramp. The use of the overpass as the “crossover” and termination of the one-way operation proved

to be a major bottleneck during Hurricane Floyd. Figure 5-3 shows the corridor.

GDOT implemented this plan during Hurricane Floyd. GSP volunteered to assist in the one-way
operation and relieved GDOT of the staffing burden. This participation was instrumental in making
the plan work. GDOT determined the operation successful since all threatened areas were evacuated

In time.

However, the plan did not go through without a few glitches. More people heeded the evacuation
orders than needed and, that compounded the congestion. In addition, GDOT did not have all the

designated DMS signs in place for the one-way operation

Nevertheless, GDOT has extended the limits of the one-way plan to Dublin at the U.S. 319/441
Interchange. GDOT will construct a crossover to transition the reversed lanes to the normal
westbound lanes. GDOT will merge traffic from two reversed lanes to one before the crossover.

They will also merge the normal westbound lanes to one also before the crossover. GDOT has
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also refined the plan to address various operation issues.

The revised one-way plan includes the use of the following resources:

e 74 Georgia State Patrol officers

e 20 (minimum), 50 (desirable) portable DMS signs along I-16

e 110 GDOT personnel

The Georgia Emergency Preparedness Agency (GEMA) developed a multi-agency task force on

evacuation and shelters to study the problems and improve operations specifically associated with

Hurricane Floyd. Some of the transportation related recommendations that are being implemented

arc:

e (Coordination with other DOT agencies.

e GDOT has established staging areas for equipment and staff resources

e Contractual arrangements with fuel suppliers to provide refueling services for state and

private vehicles during evacuation

o Established a staging area at the State Operations Center for media during evacuations to

improve the flow of information to the media and to the public.

e Establishment of a toll free number for public information

e Consideration of comfort stations along the major evacuation routes

e Unified radio system for state agencies
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e Implementation of staged reentry

GDOT has developed some decision criteria for implementing a one-way plan. The need to one way
will be closely monitored with respect to the coastal counties pending evacuation orders. A final
decision to one-way will be made before the issuance of a voluntary evacuation order. They expect

the storm will have to be at least a Category 2 to implement one-way plan.

The GDOT Office of Traffic Engineering has prepared a study of what ITS elements should be
added in the coastal area to support hurricane evacuation. The draft report has identified
signalization and signage needs. This includes isolated, as well as, coordinated signal timing and
evacuation route signing. The report has a list of CCTV, DMS, HAR and count station locations that
will enhance the evacuation process. GDOT evaluated each site for its usefulness during evacuation

but also at all other times. This will help guide the priorities for installation.

Ultimately, GDOT intends to build a replacement traffic management center in the Savannah area
that will serve the City of Savannah and their signal system and GDOT’s freeway management
activities. In the interim, GDOT will likely construct a temporary traffic management center.

GDOT will also be able to control the ITS devices described above from the state TMC in Atlanta.

NORTH CAROLINA

NCDOT had not developed a one-way plan before Hurricane Floyd. During Hurricane Floyd when
the traffic congestion intensified on 1-40, NCDOT developed a preliminary plan to one-way [-40.
The traffic congestion eased, so they did not implement plan. Due to the prolonged and
unprecedented flooding in eastern North Carolina, there were significant problems in communicating

some 1,500-road closures to the public and to other agencies.
As aresult, of Hurricane Floyd the state agencies in conjunction with local agencies have looked at
the issues of regional evacuations. NCDOT and others are looking at operational issues along

evacuation routes throughout the eastern part of the state. As part of that effort, NCDOT is
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upgrading many of the closed loop signal systems along the U.S. 70 corridor between Morehead City
and Raleigh. The upgrades will provide traffic responsive operation for timing plan selection and
the use of predetermined special timing plans evacuation. NCDOT is also upgrading the evacuation

route signing along 1-95.

NCDOT has developed an operations plan to one way I-40 from the eastern terminus in Wilmington
to [-95. This work is a cooperative effort of the Division of Motor vehicles, State Highway Patrol,
Division of Emergency Management. The plan includes physical layout of devices such as signs,
barricades, DMS and HAR. The plan also includes the location of SHP and NCDOT staff. Figure 5-

4 shows the corridor. The plan includes the following manpower and equipment beyond “normal”

evacuations:

e 33 State Highway Patrol/DMV officers

e 40 NCDOT personnel

e 27 DMS signs

e 4 HAR units

The plan also addresses the availability of traveler facilities such as food, restrooms, road condition

information. The plan has included an analysis of closing certain interchanges. The plan also

addresses the public information efforts that are essential to a one-way operation.
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NCDOT staff in conjunction with other agencies has developed a process for approving the
implementation of a one-way operation. The recommendation will start with the Division Engineer
in Wilmington upward to the Chief Engineer to the State Highway Administrator, Secretaries of
DOT and Department of Crime Control and Public Safety to the Governor. The Secretary of
Department of Crime Control and Public Safety oversees the State Highway Patrol and Emergency
Management Divisions. The process is intended to occur within one hour upon the initial
recommendation. NCDOT will mobilize men and materials in local maintenance yards 24 to 48
hours in advance of landfall by loading materials and servicing equipment. Twelve hours before
evacuation NCDOT will deploy top assigned work sites and standby to await the actual one-way
order. NCDOT has established there will be a local command post on the corridor in Wilmington
along the one-way route. Other observers will be positioned throughout the area to observe weather

and traffic conditions that will be used to make the one-way recommendation.

They have developed a plan for the deployment of ITS elements that will support future evacuations.
This plan includes DMS, HAR, CCTV, count station, weather instruments (wind gauges),
information kiosks and traffic signal improvements throughout the eastern part of the state. It

includes Interstate, U.S. N.C. route and secondary routes that are primary evacuation routes.

NCDOT has also developed and will make available to the public July 1, 2000 an expanded traveler
information website. The website will serve to groups of users. It will be a computerized road
condition system to replace a manual reporting system now in use fro DOT and other state
personnel. It will provide specific descriptions of incidents, durations and contacts. It will
automatically notify of managers of the incidents by email. The system utilizes an extensive
collection of pull down menus to expedite the data input. NCDOT’s call center staff will utilize the
system to answer citizen calls. The system will also provide citizens less specific information on
road and weather conditions. NCDOT will install the first traveler information kiosk in one of the

welcome centers on [-95 this year.

SOUTH CAROLINA

The Traffic Engineering Division of the South Carolina Department of Transportation (SCDOT)
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developed a concept plan to one-way 1-26 from Charleston to [-95 after Hurricane Hugo. The plan
included one-swaying all lanes westbound to evacuate the coastal areas. Certain minor interchanges
would be closed. South Carolina Highway Patrol (SCHP) personnel would staff all closed ramps.
After the concept plan was developed by SCDOT, it was reviewed with the SCHP. The plan is a
concept that has not been adopted by all state and local agencies and is still currently under

evaluation. Therefore, an operations plan has not been developed.

During Hurricane Floyd, the Governor ordered the eastbound lanes of I-26 reversed to evacuate
Charleston. The limits of that reversal extended from Charleston to I-95. SCDOT and SCHP
personnel used the original concept plan and developed an operation plan on the day of the
evacuation to facilitate the reversal. Because of time delays in implementing the one-way operation,
and the higher than expected evacuation warning response, traffic congestion was very extensive.
The Governor also ordered the implementation of a one-way plan to expedite reentry. The reentry
plan was developed during the storm. It included one-swaying [-26 from Columbia to Charleston.
State Highway Emergency Patrol (SHEP), a unit of SCDOT, vehicles were used for incident

management only on reentry.

This year the state agencies in consultation with local agencies have looked at the regional
evacuation issues in depth. One of the key elements of the regional evacuation plan is not have
evacuation routes to cross each other. This fundamental principal will significantly reduce inland
bottlenecks at isolated locations. This principal will require mandatory turns at key locations. The
state agencies are working with their counterparts in Georgia for ways to improve evacuation flow

between the two states.
The Emergency Preparedness Division has estimated the clearance time reductions due to a one-way

operation. These reductions range from 0 to 60%, depending on the category of storm and the

response scenario. The clearance times are as follows:
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Year 2000
Central Conglomerate of South Carolina Counties

Clearance Times (hours)

Normal Lane Use I-26 One-Way
Low Tourist High Tourist Low Tourist High Tourist

Category 1 Hurricane

Rapid Response 10.3 11.9 6.2 7.2

Medium Response 10.5 12.2 9.0 9.0

Long Response 12.0 12.3 12.0 12.0
Category 2 Hurricane

Rapid Response 14.3 16.7 8.5 9.9

Medium Response 14.6 17.0 9.0 10.1

Long Response 14.7 17.1 12.0 12.0
Category 3 Hurricane

Rapid Response 18.8 21.8 11.1 12.8

Medium Response 19.2 22.2 11.3 13.0

Long Response 19.3 22.3 11.4 13.1
Category 4-5 Hurricane

Rapid Response 21.8 24.5 12.8 14.2

Medium Response 22.2 24.8 13.0 14.5

Long Response 22.3 24.9 13.1 14.6

Source: South Carolina Hurricane Evacuation Restudy, PBSJ

SCDOT and SCHP revised the implemented evacuation one-way plan. They are extended the limits
to [-77 in Columbia. Figure 5-5 shows the corridor. An essential element of the plan is the absence
of lane drops. All normally westbound traffic will exit onto an existing two-lane ramp onto I-77.
This traffic will circle the city and dissipate onto local streets or rejoin I-26 by way of 1-20. The
reversed lanes will cross over the median west of the interchange on a paved crossover. A similar

scenario exists for reentry. The evacuation and reentry plans include designated emergency access
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routes to go the opposite direction of the one-way traffic. These designated routes utilize a series of
parallel routes between Charleston and Columbia. SCDOT has designated certain critical links for
on-site observers during the evacuation to monitor and report traffic conditions. The revised plan
will include 200-215 Highway Patrol troopers and approximately 800-900 National Guard troops.
The National Guard units will be matched with specific Highway Patrol units to minimize retraining.
The National Guard troops will rendezvous with their Highway Patrol and be transported to and
from their duty sites to assist in manning barricades. The National Guard will provide commercial
versions of the military meals ready to eat (MRE’s), aerial surveillance and wrecker services to
move any disabled or wrecked vehicles. The National Guard will also provide wrecker services
during the one-way operation. They will be prepositioned at four sites between Charleston and
Columbia. Each wrecker will be equipped with an 800 MHz radio set to Highway Patrol

frequencies. These wreckers are capable of towing any size vehicle.

State Law Enforcement Division (SLED), Civil Air Patrol and the National Guard will provide aerial
surveillance during the evacuation. This will include specific intelligence flights as needed early
during the storm’s advancement and continuous flying during the one-way operation as weather

permits.

SCDOT and Highway Patrol staff have not developed detailed criteria for the implementation of a
one-way plan. They expect to implement the one-way operation for a category 3 storm. The present
thinking it will occur no later than the mandatory order and as early as the voluntary evacuation
order. Integrated timetables of all participating agencies are being carefully studied for the
mobilization so the state has more flexibility to implement on a short notice without overextending

staff and equipment during prolonged operations.

SCDOT is constructing an “X” shaped crossover to facilitate one-way operations for evacuation and
reentry. The design speed is 45 mph. SCDOT will close the crossover during normal operations
with water filled barrier portable wall. This will eliminate the need for any special equipment to
move the wall and provide good visibility of the closed crossover, while providing good protection.

During an event, a two-person crew can drain the water and move the wall behind.
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SCDOT is also constructing some small crossovers to connect various ramps to facilitate access to
and from [-26 during evacuation and reentry. Initially, SCDOT plans to close these crossovers with
flexible delineators. A flexible delineator is a plastic flexible post with reflective material that
attaches to a base plate. The post is removable and attaches to a base plate that is permanently

anchored flush into the pavement.

SCDOT is planning to add CCTV at the [-95 and I-77 interchanges with [-26. SCDOT will use
leased T-1 communications to feed the video to the traffic management center. SCDOT will also
add some permanent count stations. The revised one-way plan will include designated sites for
portable DMS signs. They envision having grounding, power, telecommunications and anchoring

provisions in place for the next evacuation.

The South Carolina Emergency Preparedness Division moved into a renovated building in April.
This facility includes a dedicated emergency operations center (EOC). SCDOT will provide feed
their CCTV images to the EOC by leased T-1 communications. At the time of this report that had

not been completed.
The SCDOT and Highway Patrol are developing a revised website to provide real time traveler

information. It is envisioned the website will include contact names and numbers for information,

evacuation routes based upon the user’s zip code.
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6.0 DESIGN GUIDELINES AND OPERATIONAL COMPONENTS OF
ONE WAY EVACUATION OPERATIONS

6.1 INTRODUCTION

This chapter involves a discussion of issues that will affect the selection and operation of an
alternative strategy, designed to expedite the flow of traffic during a hurricane evacuation. Chapter 7

contains the actual recommendations for alternative strategies.

6.2 DEFINITION OF STRATEGIES

There are five basic strategies for freeway operations, for use in hurricane evacuation. Each of these
five strategies has different implications of costs (labor and equipment), roadway capacity and
safety. This chapter discusses the issues of the alternative strategies and provides guidance in the

selection of a strategy. In the next chapter, we present the recommendations. They are:

e Normal lane operation. Vehicular traffic remains in the normal lane configuration
without adjustments. The coast-bound lanes will largely go unused. Very large backups
can arise as happened during Hurricane Floyd. Public dissatisfaction will be the highest,

due to long delays and the relatively unused coast-bound roadway.

e All lanes reversed. This alternative involves shifting traffic over to the reversed lanes.
All coast-bound ramps must be closed and barricaded, and some inland-bound ramps
must be closed. This operation requires the extensive use of law enforcement personnel
and traffic control devices to close the on-ramps and some of the off-ramps to the
reversed lanes. The setup of the operation requires the use of a “rolling roadblock” of
troopers to sweep the corridor of any coast-bound traffic before reversing lanes. The
plan needs additional personnel to patrol the corridor, since they will not have the

opposing lanes of traffic to turn around.
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No lanes reversed, and the right side paved shoulder is used as a driving lane. This
strategy requires minimal labor to get three or more inland bound lanes. The law
enforcement agency must make a sweep of the affected shoulder to clear all disabled
vehicles and remove any debris from the roadway. The use of the shoulder will limit the

mobility of police patrols.

One coast-bound lane is reversed, with the remaining coast-bound lanes not reversed.
The remaining coast-bound lane is used for public access to the coast. This alternative
also provides at least one more inland-bound lane. The public can use the roadway to
drive to the coast. This operation requires placing cones or barricades between the two
lanes of opposing traffic on one side of the median. The plan needs additional personnel

patrol the corridor to prevent vehicles from crossing into the non-reversed lane.

One coast-bound lane is reversed, with the remaining coast-bound lanes not reversed.
The remaining coast-bound lane is restricted to emergency vehicle access only. This
alternative provides at least one additional inland-bound lane, while maintaining access
only for law enforcement and emergency service vehicles. The public cannot use the
roadway to drive to the coast. This operation requires placing cones or barricades
between the two lanes of opposing traffic on one side of the median. This concept
should lessen the potential of head-on accidents, since there will be minimal coast-bound

traffic. The capacity of this contra-flow is no different from the previous alternative.

6.3 IMPACTS OF ALTERNATIVES

Due to the following conditions, the alternative involving the use of three lanes, with a contra-flow

lane for public access to the coast, was not given further consideration:

Very high difficulty to enforce the contra-flow restrictions



e Extensive time required to setup cones and barricades between the opposing coast-bound

lanes

¢ Difficulty in maintaining the cones and barricades between the opposing coast-bound

lanes, particularly in deteriorating weather conditions of high wind and rain.

Marginal capacity benefits

In order to accurately compare alternatives, we have categorized the issues into four groups. The
categories are costs, geometry, law enforcement, traffic control and other. At the end of this section,

Table 6-1 compares the impacts of the four alternatives.

COSTS

The alternatives to the basic normal lane operation will require both capital and recurring or per
event costs. As an example, the capital costs will include pavement construction, permanent signing,
CCTV, variable message signs, highway advisory radios and other equipment purchases. For
normal lane operation, there are no additional capital costs. The three-lane operation using the
shoulder will require shoulder strengthening, as described below in the section on construction. The
use of the alternatives with three lanes, with a contra-flow lane or all lanes reversed, requires the
construction of median crossovers at each end of the section. The all-lanes-reversed alternative
requires two-lane crossovers. These last two alternatives will need barricades or other protective
devices to close the paved crossovers during normal conditions. In addition, some ramp crossovers

are needed to connect certain ramps together to facilitate the reversed direction.

The recurring costs will include the labor and materials expended every time one of the alternative

strategies is deployed. This includes:

¢ Police personnel for patrols and roadblocks;

e DOT personnel to setup, take down and monitor traffic control devices installed;
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e DOT personnel to monitor traffic operations and respond to incidents; and

e Traffic control devices (barricades, highway advisory radios, RPM’s, signs and variable

message signs).

The normal lane operation would have minimal recurring costs other than additional labor for law
enforcement and DOT that would be necessary, due to the very high traffic volumes. The alternative
of providing three lanes using the right shoulder will have the next lowest recurring costs. These
costs would be necessary for additional police patrols and DOT personnel to monitor the shoulder
driving and respond quickly to incidents. Both the all lanes reversed and the three-lane w/contra-
flow lane alternatives will have high recurring costs. It is expected that the three-lane alternative

would need more police patrols to prevent a head-on accident with the coast-bound lane.

GEOMETRY

The category geometry includes geometric design and construction, as well as traffic operations

issues.

Traffic Capacity

As was discussed in Chapter 3, the maximum service volume or the capacity of the roadway during
an evacuation is approximately 1500 vehicles per hour (vph) per lane. This volume equates to the

Level of Service D directional service volume, as defined in the 1994 Highway Capacity Manual.

For other studies, we have computed the following planning level roadway capacities:
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Interstate Vehicular Roadway Capacities

Condition Capacity (vehicles per hour per direction)
Normal Two Way Operation 3,000
Three Lane (one contra-flow lane) 3,900
Three Lane (using outside shoulder) 4,200
One-Way (all four lanes reversed) 5,000

The alternative, using the outside shoulder, assumes a full width (10”) paved shoulder and two-foot
offset to the guardrail exists. Ifthe paved shoulder is only ten-foot wide with no offset to guardrail,

the three-lane capacity is 4000 vehicles per hour.

While each of the alternatives provide 30% to 167% increases in capacity over conventional
operation, the selection of the alternative must involve consideration of the geometric conditions and

enforcement issues before selection.

Congestion

By virtue of'its lower traffic capacity, the normal lane operation will have the highest congestion and
the highest driver dissatisfaction. The largely unused coast-bound lanes in normal operation will be
a cause of driver frustration as was demonstrated in Hurricane Floyd. The use of the paved shoulder
as a driving lane will be an indirect cause of increased congestion. The absence of a paved shoulder
will not provide a place to stop disabled vehicles, allow emergency vehicles to pass and accident

investigations to occur on the right side of the roadway.

Similarly, the three-lane alternative with the contra-flow lane will have a two to four-foot right
shoulder next to the median. This will also not provide adequate room for emergency vehicles to
pass. This same alternative will not permit drivers to exit or reenter the contra-flow lane until they
reach the end of the contra-flow lane. Due to the high risk of crossing the coast-bound lane on a

freeway, it is not possible to allow vehicles to exit or reenter the contra-flow lane.
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Design

The two alternatives with lanes reversed will need paved crossovers to transition traffic across from
and back to the original roadway. The design must include provisions to adequately drain large

amounts of water, which will arrive in the latter stages of the evacuation.

The design speed of the crossovers must consider that higher average speeds will likely occur during
the later stages of evacuation as the traffic lightens. Higher speeds can also occur if the DOT and
highway patrol agencies efficiently manage the rapidly increasing traffic congestion, without severe

degradation of the operating speeds.

Guardrail Treatments

The design speed of the facility determines the requirement for a guardrail on a facility. Standards
do not permit the absence of a guardrail and its end treatments if the operating speeds are lower. For
any alternative, when the coast-bound lanes are reversed, the formerly downstream ends of
guardrails will not have the proper upstream end treatments. The operating speeds during an

evacuation are likely to be low and the potential damage due to impact of a guardrail end is less.

Shoulder Design and Maintenance

The three-lane alternative using the outside shoulder will have the only direct impact on the outside
paved shoulder. Typically, the first four feet of the paved shoulder is the same design as the adjacent
driving lane. The remainder of the paved shoulder has a much lighter construction. Prolonged use

of the shoulder as a driving lane, particularly by trucks will decrease the life of the pavement.

Most states use a ten-foot wide paved shoulder on new construction. However, each corridor in this
report described in Section 6.2 has bridges with less than full width shoulder. Many of these bridges
are relatively small, but others are large, such as the Cape Fear River Bridge on 1-40 in North

Carolina or the Thomas B. Manual Bridge on the Florida Turnpike. These narrow bridges
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effectively eliminate the use of the paved shoulder as a driving lane in the short term.

All of the states in the study area use some type of rumble strips to minimize run-off-the-road
accidents. The different designs include full width and partial width rumble strips. Some are ground

into the paved shoulder; others are cast or rolled into the pavement as the pavement is constructed.

A few states have experimented with a raised, ribbed thermoplastic edge line and extra thick
thermoplastic transverse lines across the shoulders. These experiments have not revealed a design
that has long life. Generally, the rumble strip is about one foot from the painted edge line and its
width is such that the left wheel cannot avoid the rumble strip. The lateral placement of the rumble
strip is critical to its effectiveness. Moving the rumble strip towards the center of the paved shoulder
reduces the early warning to the driver that he or she has run off the roadway. This increases the

exposure to rear-end and run-off-the-road accidents.

Safety

Inherently, any alternative with high congestion and long delays will cause drivers to become
frustrated and take dangerous chances. This frustration became evident in Georgia, when drivers
began using the eastbound lanes for westbound travel on I-16, before the Georgia State Patrol and
DOT were ready. However, all the alternatives except normal operations have higher safety risks
because the use of the roadway is not something that violates drivers’ normal expectations. The
contra-flow lane alternative has a special safety risk since the cars will be traveling in opposite

directions, potentially at high speeds with no restrictive barriers other than cones or barricades.
LAW ENFORCEMENT

The availability of nearby highway patrol officers was one of the most critical factors in the two lane
reversal operations undertaken in Hurricane Floyd. The operation of any lane reversing strategy

requires anywhere from 67 officers on I-16 in Georgia to 350 officers for I-75. These numbers are

tentative based upon preliminary staffing estimates.
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Emergency Access

The alternative strategies to normal operations must consider how emergency medical, fire and
wrecker services will get access to an incident. Normal access from the opposite direction will not
be available in the all lanes reversed strategy. Access will be difficult with the contra-flow lane
alternative. The nearest responder may not be the one that can arrive the most swiftly. Dispatchers
will have to consider how the responder will get the incident scene. Emergency response vehicles
equipped with AVL, automated vehicle location devices and computer aided dispatching can best

adjust for these route restrictions.

DOT's and law enforcement agencies must maintain very close coordination with emergency
medical, fire and wrecker services. One of the biggest impacts on traffic during the Floyd
evacuation was the amount of disabled vehicles from accidents, breakdowns and no gas. People left
without enough gas or the prolonged trip caused their vehicles to breakdown or run out of gas. In

some areas, wrecker services closed earlier to evacuate.

Incident Management

It has been well documented by FHWA that good incident management provides excellent
reductions in accidents (primary and secondary because of an initial accident), congestion and delay.
Very high traffic volumes such as that experienced most recently in Hurricane Floyd produce
incidents that require immediate action. This may include unanticipated congestion, accidents,
disabled vehicles, debris in roadway and weather problems. The operations plan of any alternative
strategies must anticipate that these events will happen. Equipment, personnel and the decision-
making authority must be in place to respond. This authority would include legal authority to

remove abandoned vehicles.

Communication problems constitute the biggest complaint of the four state’s DOT’s and highway
patrol agencies. There were situations where highway patrol vehicles could not talk to each other
and many cases where DOT personnel could not talk to corresponding highway patrol personnel.

An effective incident management plan must permit the decision-makers and field supervisors to be

6-8



able communicate directly. Not only were there problems with lack of communications, there were
situations where communications had to be relayed through two dispatchers. By the time a message
arrived at its destination it was often dated, its accuracy was significantly reduced, and therefore it

was of limited value.

Patrol Needs

Any event that has higher than normal traffic volumes and congestion requires additional police
patrols. However, lane reversal strategies and the use of the shoulder as a driving lane require more
officers to cover the same area due to limited access and mobility. When all lanes are reversed,
officers may have to use parallel roads to return up above the patrol zone. If the officers have four-

wheel drive vehicles, then the patrol vehicles can use the median.

The use of the shoulder as a driving lane necessitates that the shoulder be kept clear of accidents and

breakdowns. Any vehicles stopped on the shoulder will cause an immediate backup.

All of the states in the study area have either planes or helicopters available for aerial surveillance.
If the aircraft are equipped for the expected weather, then they can be very effective tools to cover a
lot of area. Personnel in an aircraft can view any causes and lengths of backups much quickly than
personnel on the ground. Aerial surveillance can give an initial assessment of a situation faster than

the use of other methods.

Roadblock Needs

The states of South Carolina and Georgia learned from actual experience that only uniformed law
officers are effective in controlling traffic. In similar situations, the other states have recognized the
same problem. Drivers disregarded DOT personnel and DOT personnel do not have the power to
detain or arrest drivers if there is an incident. Therefore, when ramps or roadways must be closed,

law enforcement officers must staff the roadblocks and direct traffic.
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TRAFFIC CONTROL

Barricades and Protective Devices

Barricades and protective devices include cones, barricades, barrier walls and devices intended to
warn, alert and protect drivers from hazards and guide them through area. The weather, lighting
conditions (day versus night) and the purpose of the device, dictate the type of device to be used.
Nighttime or low light conditions require that retro-reflective material that reflects light be applied to
the cones or barricades. Battery powered steady burn and flashing lights on barricades provide

additional target value and guidance.

Type I barricades, cones and vertical markers are not suitable for hurricane evacuation, due to the
potential of wind instability. Type II barricades and drums are used to guide drivers through an area.
Type Il barricades are used to close off ramps. Temporary barrier walls provide more protection,
but they are also considerably more difficult to place. The temporary barrier walls are typically
concrete and weigh 450 pound per linear foot. This equals to 4500 pounds for a standard ten-foot
wall section. This would require a heavy forklift or loader to move. There are approved water filled

barrier walls that can easily be drained and moved by two people.
There are long-term solutions that will lessen the demand on law enforcement officers and their
vehicles at every roadblock. The choice of a solution must consider the popularity of sport utility
vehicles and their ability to drive off the roadway. The long-term solutions must be very visible,
able to discourage most drivers, be tamper-proof and not be a safety or view obstruction in normal
operations. Some viable alternatives include:

e Lockable swing gates with pre-mounted road closed signs

e Extensions of existing fencing

e Removable guardrail sections
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e Delineator posts

e Landscaping — bushes and embankments

The various paved crossovers in the median and the ramps must be blocked, so during normal
operations a confused driver will not drive the wrong way and cause a head-on collision. Any
decision-making regarding these devices must take into account the fact that no obstacle requiring
protection should be in the clear zone. As an example, the use of a concrete barrier wall would
require approach-end crash attenuators, if placed in the clear zone of the roadway. The closure

method must include devices that are easily opened with heavy or special equipment.

During normal operation, the devices closing the crossovers must clearly indicate the crossovers are
closed. In some cases, the closing device must provide adequate guidance to the drivers for the
proper alignment of the vehicle. For example, a crossover on a curved ramp will need to properly
convey the crossover is closed and the ramp curves in a particular direction. Reflective delineators

on the devices are an excellent low maintenance means to do so.

One important aspect in the selection of devices for any purpose is the ability to transport and place
them efficiently. The element of time is critical to implement one of the alternative strategies. A
plan which requires excessive time to load equipment and place traffic control devices will lose the
advantage of its increased capacity, because less time will be available for the actual operation of the

alternative strategy.

Raised Pavement Markers (RPM’s)

Most DOTS’ install one-way, raised pavement markers (RPM’s) along the painted lane lines. This is
fine, except when traffic is reversed during a nighttime evacuation. The MUTCD stipulates the
colors shall be white, yellow or red. The white RPM’s, sometimes referred to as colorless, are for
use on lines separating traffic in the same direction. Yellow RPM’s are used to separate traffic
moving in opposite directions. The red RPM’s denote prohibited movements, for example the

wrong way on a ramp. The MUTCD does not require, but most states do require, the use of RPM’s
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with all pavement marking lane lines.

Signs

Signs are an essential element to good traffic control. The absence of signing will cause confusion
about one’s location, where services are located, and what movements one can make. If we do not
provide signs to communicate this information, then drivers will stop and ask directions. The act of
stopping to get information will limit the effectiveness of the police officers directing traffic, cause
congestion and raise driver dissatisfaction. The use of good signing will lessen the demands on the

police officers.

During an evacuation, people often leave their origin, unsure of their destination or how they will get
there, with no route familiarity. Evacuation is complicated in a lane reversal strategy when there are
no signs facing traffic in the reversed lanes. People will lack information about where they are and

where services are, as was evident in Floyd.

If an agency uses a highway advisory radio, then public must know it is operating and what
frequency to use. Static signs can provide that information. Remotely operated flashing lights on

the fixed signs can advise the public the highway advisory radio is operating.

The closure of ramps or reversing of roadways will require the use of signs to control undesired
movements. This will include regulatory signs concerning the road closures and informational signs
to guide drivers to certain services and shelters. The regulatory signing also provides the regulatory

authority to enforce the operations.

OTHER

The category of other includes issues that did not readily fit with other issues. This category

includes four very critical issues, the limits of the one way plan, when to implement a strategy, the

time to mobilize and the time to implement.
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Limits of One-Way Plan

The timing used to terminate an alternative strategy is critical to prevent the termination point from
being the cause of a bottleneck in traffic. This issue applies to any of the alternative strategies,
which are: three lanes with a contra-flow lane, three lanes with the shoulder or reverse lane
operations. The most basic indicator of the termination point involves when the traffic volumes have
reduced to a level where normal lane operations can take place at a reasonable level of service. This

reduction can be facilitated through one of three methods.

One, there can be route diversion where traffic has already diverted to other parallel routes. Certain
routes have usable parallel routes that can serve as a relief. Examples are: U.S. 90 that parallels I-10
through the entire length of North Florida, portions of U.S. 441, which parallels I-75 through
Florida, sections of S.R. 46 that parallels I-16 in Georgia, U.S. 117 that parallels I-40 in North
Carolina and segments of U.S. 78, U.S. 176 and U.S. 178 that parallel I-26 in South Carolina.

Two, the geometry of the proposed termination can provide a natural lane reduction onto another
facility. An excellent example is the [-26 one-way termination in Columbia, S.C. The lane reversal
operation terminates at [-77. The normal westbound lanes exit onto I-77 onto a two-lane exit ramp.
Traffic can then rejoin [-26 at [-77/1-26 interchange or traffic can exit at other locations on I-77 into
Columbia or continue north. The reversed lanes use a crossover beyond the I-77 exit ramps to move

onto the westbound lanes of I-26. In this example, there is no lane reduction.

Three, lane widening can provide another natural termination point. In this situation, the strategy
encourages traffic flow toward a widened section of roadway. The added lane(s) for the widened
roadway can serve as point to move traffic to the original alignment. An example of this is [-26 in
Charleston. SCDOT is widening I-26 west of [-526. The added lanes could provide an opportunity
in their reentry plan to move the reversed lanes from the westbound side of the roadway back to the

eastbound roadway.

Plans for reversed lane and contra-flow operations, must include provisions that address how the

two-way operation will terminate and the one-way operation will begin. The traffic must merge to
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one lane and then exit onto another facility. The design of the transitions must consider the posted
and operating speeds to affect a safe transition. Signing with flashing arrow boards and dynamic

message boards are essential elements.

When to Implement a Strategy

There are two elements entailed in the issue of a timeframe for strategy implementation. One, what
hours will the alternative strategy operate? Two, when do we implement the strategy? There is no
clear answer to those questions. The initiation of the alternative strategy must begin with a
determination of how long will it take to evacuate, with some margin of safety, the vulnerable
population by the various alternatives. That decision will determine the starting time of the
alternative strategy implementation. The mobilization and the implementation time will bring about

that decision time earlier.

Florida has developed a multi-page checklist that guides senior management in the determination the
criticalness of the present situation. The checklist evaluates the present weather and traffic
conditions with the past conditions and those forecasted to determine if conditions are worsening and
pointing to a one-way or another alternative strategy. While the checklist does not provide a
quantitative score, it guides senior management to consider all factors to arrive at the most educated

decision with the data currently available.

The staff of each state generally believes a one-way operation should not be used for anything less

than a category three storm.

The hurricane evacuation clearance times of many vulnerable areas exceed the time necessary to
precisely forecast landfall. The National Hurricane Center issues the hurricane watch 36 hours
before the damaging winds are predicted to make landfall and the hurricane warning is issued 24
hours before landfall. In many cases, the evacuation and an alternative strategy must already be
underway to ensure the safe removal of the vulnerable population from the storm’s path, before the
announcement of a more accurate landfall locale. It is harder to manage the response to a parallel

storm, such as Floyd, because it affects a larger area and potentially requires a larger evacuation. A
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rapidly developing storm, close to the coast could leave the state agencies a very narrow window to
respond. The one-way operation should be in place no later than the mandatory evacuation. Strong
consideration should be given to having the manpower and equipment and equipment either
deployed and standing by for the order to begin shut down or to deploy to forward staging areas. An
important consideration will be how much rest the staff has had before beginning 12-hour shifts. If
the manpower is deployed shortly before the voluntary order then it may be necessary to undergo a

shift change about the time of the mandatory evacuation.

Obviously, it will be necessary to mobilize long before the storm’s path is accurately predicted. This

expense will have to be considered.

There is inherent risk in running an alternative strategy during nighttime hours. The darkness can
add to the confusion. The darkness limits the visibility of the DOT and police personnel and any
special traffic control devices. In Hurricane Floyd, South Carolina operated the one-way plan during
the night, due to a late start. The benefit of running the alternative through the night may make the
difference in successfully evacuating everyone. Far greater negative consequences would result

from leaving evacuees stranded on the road as the storm hits.

Implementation Time

For normal lane operation, there is no implementation time. The use of the shoulder lane as a
driving lane will require a patrol sweep of the corridor, to ensure the shoulder is clear of all vehicles
and debris. DOT or the highway patrol agency must remove any vehicles on the shoulder before
commencing operations. Debris on the shoulder was the source of many flat tires on I-16 in
Georgia. The lane reversing strategies require a lot of staffing (DOT and highway patrol) and
equipment to remove disabled vehicles, close ramps, setup temporary traffic control, close and
sweep the lanes of coast-bound traffic before reversing traffic. The estimated timeframe for lane

reversal is approximately three to four hours, and varies by corridor.
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Mobilization Time

Mobilization time is the time required to notify personnel and load and move personnel, equipment
and materials to the corridor. Alternatives requiring many personnel that are not locally available
will have to include additional travel time. For example, the North Carolina Highway Patrol would
have to move troopers from the western part of the state. This process could take between three to
five hours to execute. State officials would have to notify the National Guard, which would take

upwards of twelve hours to mobilize.

Special or unique equipment, such as barrier wall moving equipment or highway advisory radios,

would require transportation from central depots or job sites.

For normal lane operation, there is no significant impact from mobilization time. The use of the
shoulder lane as a driving lane requires minimal preparation. Lane reversal strategies, on the other

hand, require the mobilization of a lot of personnel (DOT and highway patrol) and equipment.

Toll Collection Facilities

The geometry of the toll collection plaza, with the large paved apron approaching and departing the
toll plaza, provides an excellent location to cross over traffic to the other side of the median.
However, one must consider that most toll plazas do not have attenuators protecting all the islands.
The downstream ends of the non-reversible lanes typically do not have the attenuators. During
Hurricane Andrew in Florida, the toll islands were hit frequently. To protect the state's investment in

the equipment, the coin machines were removed during the reentry process to minimize damage.

A toll facility is not only a source of revenue collection. The facility can also present a capacity
restriction for a roadway. The plaza building and the money transaction process limit the free flow
of traffic. If a storm is imminent, the toll agency needs to monitor traffic conditions and prepare to

potentially cease toll operations.
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6.4 SELECTION OF STRATEGY

The selection of any alternative strategy must involve a consideration of the geometric factors, and
the ability of the law enforcement agency to patrol and manage the operation. Foremost in the
decision process to use an alternative strategy is whether the alternative strategy reduces the
clearance time. In the study conducted for Florida Department of Community Affairs, Division of
Emergency Management, PBS&J found, for a limited number of storm scenarios, the evacuation
process would benefit from a plan to one way I-75, Alligator Alley, in south Florida. Therefore, well
before hurricane season, the initial screening of alternatives must include a determination of whether
the corridor is fully utilized as an evacuation route. Corridor utilization will not be a problem for the
Interstates 16, 26 and 40 in Georgia, South Carolina and North Carolina. In Florida, with its
peninsula shape, careful thought must be given that an evacuation of one coast does not place the

evacuees in the path of the storm if it changes direction and affects the other coast.

However, one-waying an interstate does not guarantee the evacuation clearance times will be
substantially reduced. To assess the benefits of one-waying an analysis of the upstream and
downstream links is necessary to ensure there are not other bottlenecks or constrictions that will
affect the clearance times. It is reasonable to expect that increasing the capacity of an interstate
facility will require other improvement measures at the downstream of the one-way limits to
accommodate the increased traffic volumes. These measures should include geometric changes,
signal timing, alternate routes and other measures to divert traffic onto other routes where capacity

cannot be obtained through temporary or permanent solutions.

The actual experiences of Georgia and South Carolina can be invaluable in other states’ efforts to

develop alternative strategies.

REENTRY PLAN

The states, with the exception of South Carolina, consider the use of alternative strategies for reentry
to be entirely different from the use of those strategies for evacuation purposes. The Governor of

South Carolina has mandated that the state shall use a one-way plan for reentry after a hurricane.
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The other states consider the reentry a non-life-threatening situation. It is their position that after a
storm, eminent danger does not exist. Public agencies need to control and manage the reentry
process to make the area safe and passable, by removing downed power lines and completing basic
debris removal to open essential roadways. In addition, law enforcement agencies need to limit

access to protect private property and prevent criminal activities.
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Table 6-1

ALTERNATIVE STRATEGIES IMPACTS AND BENEFITS

Operation — Normal 3 Lanes w/Contra- | 3 Lanes w/ | Lanes
Feature 4 Flow Shoulder Reversed
Costs
Capital Very Low High Low Medium
Recurring (per event) Very Low High Low Medium
Geometry
Capacity Lowest Low Medium High
Congestion Highest Medium Medium Low
Design None Medium None High
Guardrail Treatments No Change Medium Low High
Shoulder Design and Maint. No Change Low High Low
Safety (Low = less desirable) | Low Lowest Medium Medium
Law Enforcement
Emergency Access Lowest Low V. Limited Limited
Incident Management Lowest Medium V. Limited Medium
Patrol Needs Lowest Low High High
Roadblock Needs Lowest Medium Medium High
Traffic Control
Barricades None High Very Low Medium
Highway Advisory Radio No Change Low High
RPM’s No Change Medium No Change High
Signs — Permanent No Change Medium Very Low Medium
Signs — Temporary No Change Very High Very Low High
DMS No Change Very High No Change
Other
Implementation Time None Very High Very Low
Mobilization Time None Very High Very Low
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6.5 OPERATION OF SELECTED STRATEGY
The successful operation of an alternative strategy requires very close coordination with the
emergency management agencies, law enforcement agencies and the state Department of
Transportation. No agency can make one of these strategies work without the other agencies’ full
cooperation and assistance.
PRE-SEASON PLANNING
Before the hurricane season, the agencies must make plans for the season. This includes making
sure equipment is in working order and pre-deployed as planned and materials are stockpiled.
However, it also should include training exercises to test the plan. These exercises provide excellent
tests of plans not under live conditions. Evacuation exercises consist of tabletop and fields exercises
to:

e Validate one’s plans

e Test the readiness of the agencies

e Test assumptions of the plans

e Train the staff

e Develop a working relationship with sister agencies

e Response to unanticipated problems through inserted scenarios

e Test mobilization, deployment and implementation times

e Crosscheck each agency’s timetable for activities and what the impact if the assumptions

are changed.
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e Test interagency and multi-agency communications systems

This can occur without the added stresses of an emergency condition. The State of Florida has
undertaken these types of exercises yearly for hurricane evacuation planning. This year they
undertook a field exercise to mobilize and deploy personnel and equipment for a one-way evacuation
westbound on I-10. Georgia mobilized and almost implemented their I-16 one-way evacuation plan
twice, but stopped as traffic eased. This operation proved to be an excellent training opportunity and
revealed the need for specific refinements in their operation. South Carolina conducted the field and

tabletop exercise to one-way I-26 from Charleston and Columbia.

During the course of each year, changes will occur to the evacuation routes. Construction work may
create bottlenecks. Accidents may damage evacuation route signs. Periodically each year, and
during the development of a new evacuation route, the maintaining agency should periodically
perform field inspections of the evacuation routes to ensure maintenance problems do not become an

issue during an event.

EVENT OPERATIONS

During a storm, the responsible agencies must consider and put into effect, actions which will make
an alternative strategy successful. These elements include: incident management, a good operations

plan and strong effective communications.

Incident management includes not only managing on-scene events, such as traffic accidents and
vehicular breakdowns, but also includes an organizational structure designed to manage the
unexpected. Problems will arise. How these problems are managed is instrumental to the plan’s
success. Each state EOC needs to designate an event or incident commander to solicit the input of
team members and make the command decisions when a problem arises. A procedure must be in
place if unexpected problems arise what will be process to allow deviation from the plan and who
will make those decisions. This would include weather problems, equipment problems, accidents or

other unforeseen problems.
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An operations plan details the specific assignments and duties of all staff. It describes the decision
making process. The plan also describes where the staging areas will be, and what redeployment
activities must be launched to initially protect assets, for example, personnel and deployment for

clean-up operations.

During a hurricane evacuation, agencies will be working very closely together under high stress.
Communication will be critical. Communication activities will include basic conversational
discussions, as well as the ability to communicate remotely. It is essential that each agency staff be
able to speak the other’s language. For example, aerial surveillance reports provided by another
agency for the highway patrol must be communicated using terms that make the information useful.
A description stating that traffic is moving does not provide much factual data. Having that
information then relayed over different radio systems to the highway patrol further limits its
usefulness. To overcome the problems discussed in the previous example, cross training will be a

necessity. In addition, means for direct communication will be important, as well.
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7.0 IMPLEMENTATION RECOMMENDATIONS

71 GENERAL

This chapter presents our finding and recommendations for both one-way operations and ITS
applications to support hurricane evacuation. This chapter also describes some other non-ITS
solutions to support hurricane evacuation. We have divided the chapter into two major sections:
one-way operations and specific state recommendations. We have divided the state specific

recommendations into two categories: ITS applications and non-ITS solutions.

7.2 ONE WAY OPERATIONS

This section includes our recommendations for the selection of an alternative and a discussion

regarding which design guidelines each alternative should include.

SELECTION OF STRATEGY

The three-lane alternative, which includes the use of a contra-flow lane, and the use of the coast-
bound lane for emergency access, is not a viable candidate for further consideration. This alternative
takes longer to setup than the all reverse-lane alternatives. The three-lane alternative has a
significantly lower capacity and is inherently less safe. Therefore, we have dropped this alternative
from further consideration. Two alternatives to normal lane operations are viable. They include, the
three-lane alternative, which includes the use of the paved shoulder, and reversing all lanes. How is
the alternative selected? A fatal flaw analysis can determine the appropriate alternative for the near-
term period, during the pre-season planning for future events. What are the fatal flaws to alternative

selection?
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Normal Lane Operations

e Does the facility have the capacity to meet the expected demand within the available

time to evacuate?

e Can the evacuation be made safely considering the levels of congestion?

e Does a normal lane operation meet the reasonable expectations of the public?

Three-Lanes with Shoulder

e Are shoulders with offsets to obstacles at least ten feet wide?

e Are the shoulders in good condition?

e Will the use of the shoulder result in sufficient capacity to move the expected volume of

traffic?

All Lanes Reversed

e s there time to construct paved crossovers and other items?

e s there sufficient personnel and equipment to implement such an operation? If not, can

we find alternatives?

The long-term decision will be policy matter. The state must weigh whether it should reconstruct
shoulders, widen bridge decks and possibly move obstacles to use the shoulder as a driving lane, or
whether to spend construction money to build crossovers, buy traffic control devices and spend more

recurring costs per event to use a reverse lane operation.



GEOMETRY

Design

We recommend that the design of the paved crossovers include recognition that a smooth one-way
operation may yield near normal operating speeds. This is evident with the reentry plan used by
South Carolina, where “high” operating speeds were reported. We recommend that on the paved
crossovers utilized, a design speed of 55 mph is considered. This design will minimize safety
problems and decrease the potential for the use of the crossovers to create a bottleneck, due to their

geometric design.

Guardrail Treatments

The one-way reversal of a facility will place the downstream ends of the guardrail and the lap joints
of the guardrail facing on-coming traffic. Any project to correct only the downstream ends could
prove quite expensive. This type of project would require the removal of sections of guardrail ends
and flaring back the guardrails with upstream end treatments. No mechanism exists for correcting
the lapping joints of the sections of guardrail. The states need to recognize this absence as a risk

posed by the use of the one-way plan, during an evacuation.

Shoulder Design and Maintenance

Prolonged use of the shoulder as a driving lane during hurricane evacuations will have a detrimental
impact on the life of the shoulder. Truck traffic will only make the situation worse. It is impractical
to assume signage will effectively prevent trucks from using the paved shoulder. A significant
amount of temporary signage would be required to restrict trucks to normal driving lanes. Therefore,

we recommend the shoulders be reconstructed for higher traffic loads, to create a long-term solution.

Shoulder width has a significant impact on the capacity of the shoulder as a driving lane. The

absence of a two-foot offset to the guardrail recommend by AASHTO reduces the capacity of the
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shoulder by 83%. We recommend, if the shoulder lane is considered as part of a long-term solution
for hurricane evacuation, the states must then recognize that capacity will be substantially reduced,
unless, where practical, the guardrails are offset. The states may also wish to consider relocating

guardrails, if possible.

LAW ENFORCEMENT

Emergency Access

Both the use of the shoulder as a driving lane and reversing lanes will restrict emergency access
along the evacuation route. This reduction in access will increase response time. The emergency
medical and fire departments should consider the possibility of pre-positioning units, to lessen then
impact of the reduced access. Any response vehicle must be equipped for driving on wet shoulders

and across medians. Four-wheel drive vehicles may be best suited for this purpose.

Incident Management

Any implementation of an alternative strategy, such as the use of the shoulder, or reversing lanes,
requires a designated field command structure to oversee the operation and make decisions when
problems arise. This structure will expedite the removal of accidents and disabled vehicles, and
allow the closing of ramps, when backups occur. CALTRANS has estimated that the closure of a
lane for a single minute delays each car four to five minutes. By this rationale, a twelve-minute lane

closure will create an hour delay, per vehicle.

To expedite lane openings, the state agencies need to make provisions for vehicle removal.
Motorist’s assistance patrols and police vehicles equipped with push-bumpers can expedite this
process. This process will often include other, more difficult removals. There will be the need for
wreckers, and the repair of flat tires and refueling. State agencies should have provisions for
wreckers, not on call, but on-site. Rather than pay a wrecker by the call, a state could contract their
services by the hour, so that they will remain on the corridor as long as necessary. Another option is

the use of National Guard wreckers. These wreckers are typically capable of moving any street legal
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size and weight vehicle.

Incident management goes beyond the regional and state level. Hurricane Floyd demonstrated the
need for interstate coordination with adjacent states. Conference calls with emergency managers
provide excellent preparation and coordination with those involved. Conference calls are now used
as statewide tools within each state. The next step is to involve the adjacent states. This is discussed

further in Section 7.5.

Patrol Needs

As discussed above, law enforcement patrols will likely need four-wheel drive vehicles to cross the
medians, if an alternative strategy is used. Aerial surveillance can lessen the need for additional
patrol units to cover an area that has restricted access. Aerial surveillance is a more proactive

method of locating developing problems. We strongly recommend the use of aerial surveillance.

Roadblock Needs

Each state’s one-way plans have identified, in most cases, the fact that law enforcement staffing
needs far outweigh the staff that is available locally. Each state has learned that the only effective
deterrent to wrong way movements at closed ramps is the presence of uniformed officers. Each state
must find a way to resolve this issue. A hierarchy determines where personnel should be recruited.
The first priority is uniformed officers experienced in traffic enforcement; the second priority is
other uniformed officers such as marine police, campus police, wildlife and forest rangers. The third
priority is investigative officers that typically do not have traffic enforcement experience. The last

priority is staff from other agencies such as DOT or the National Guard.

The use of this mixture of officers will require training and the acquisition of equipment, such as
vests, raingear, flashlights, flares, etc. Officers with different experience levels should be assigned
together. Since recruits from the National Guard and DOT have no powers of arrest, and similar
staff from other agencies will have limited experience with traffic control, they should be assigned to

officers and personnel with the necessary authority and experience.
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TRAFFIC CONTROL

Barricades

The use of the shoulder as driving lane does not require any barricades, unless the state desires to

close certain exit ramps to limit access to and from the evacuation route.

The reverse lane operation requires an extensive barricade plan to close ramps to prevent wrong way
movements. Wind is a consideration in later stages of the evacuation; therefore, we recommend
using the larger Type III barricades. The size of these barricades makes them more effective for use
in roadway closures, mounting signs. They are also more visible than other barricade types, and
remain stable in high wind. The arrangement of the barricades, to close either the upstream or the
downstream end of a ramp, must effectively discourage wrong way movements. The arrangement of

the barricades must force a driver to consciously maneuver around the barricades.

Raised Pavement Markers (RPM’s)

The MUTCD mandates certain colors of the RPM’s relative to driving direction, as discussed in
Chapter 6. The RPM’s, while very beneficial in low light and inclement weather, also have legal
implications. If white RPM’s are installed in the contra-flow direction, this action will violate

MUTCD requirements. We recommend no change to the RPM’s, for reversed lane operations.

Signs

The use of the shoulder as a driving lane does not require special signing. However, signs are
needed for four primary purposes in a reversed lane operation. One need concerns location
information. The addition of milepost signs is the most basic solution. Second, evacuees need
information about exits or destinations. We recommend the addition of sign panels, which provide
mileage information to control cities for the reversed lanes, to the backside of mileage destination

signs. FHWA designates control cities to provide consistency in signing along a corridor. Third, ifa
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state allows traffic to exit from the reversed lanes, at a minimum, a temporary exit direction sign is
needed at the beginning of the ramp. The easiest way to achieve this goal and make the message

large enough is with portable dynamic message signs.

The closure of ramps requires that certain regulatory signs be installed, to provide legal authority to
law enforcement officers and provide clear direction to the driving public. The basic road closed
signs can be pre-mounted on the barricades used to block the ramps. Portable barricades do not
elevate the signs high enough for good visibility. In addition, the barricades are not stable in high
winds. We recommend that DOT’s use flip-type signs. The flip-type signs are hinged and fold
down. They display no sign face when not in use. The use of these signs will minimize the need to

bring a crew out to set posts and mount signs.

OTHER

Limits of One-Way Plan Operation

Section 7.3 described methods of terminating the one-way operation. The preferred hierarchy of

methods is:

Terminate without lane drops onto other facilities

e Terminate after traffic has diverted sufficiently onto parallel routes

e Terminate onto a widened section, particularly approaching an urbanized area.

e Terminate where the geometric alignment provides good sight distance and room for

traffic control devices.

Hours of Operation

The lead-time to implement any alternative strategy is longer than one has for an accurate forecast of
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the storm’s path. Itis preferable to begin a one-way operation in the morning to maximize the use of
natural light. This provides a safer environment for both the police and Dot personnel and to the
public. Figure 7-1 shows the events leading up to the landfall of a hurricane. Late developing,
close-in storms could leave precious little time to effect a complete evacuation. The state agencies’
plans must allow for nighttime operations. This means reflective clothing, flashing lights on police
vehicles, lights on barricades and, in some cases, portable lighting. Portable lighting should be used

in high accident areas.
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Figura 7-1
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When to Implement a Strategy

Each state should prepare an analysis as discussed for South Carolina in Section 5.2. This analysis
will determine the potential clearance time reductions will realize for certain scenarios of category
storms, response rates and tourist occupancy. This analysis with estimates of current tourist
occupancy and traffic data to gauge the behavioral response can guide senior management towards a
decision whether to employ an alternative strategy. There is not sufficient data to correlate traffic
counts and weather information with behavioral response to generate quantitative estimates of when

certain traffic counts should trigger a one-way operation.

Similarly, weather conditions must be considered. This should include a comparison similar to what
Florida has developed that compares past conditions, present and forecasted conditions to see a trend
of what the storm might do. This comparison considers the storm intensity, track, angle of approach,

wind speed, air pressure.

We recommend that for appropriate storms as identified by an analysis similar to that prepared for
South Carolina each state be prepared to implement an alternative strategy no earlier than the
voluntary order and no later than the mandatory order. This is a twelve order maximum window. If
the mobilization and forward staging were based upon the mandatory order then a rapid change in

traffic conditions would not give the state ample time to respond.

Mobilization Time

Each state needs a plan that includes pre-positioning equipment and materials. This includes arrow
boards, signs and barricades. DOT’s should stockpile special use items, such as dynamic message
signs and highway advisory radios. This stockpile must be convenient to the evacuation corridor.
The stockpile of equipment and materials must be large enough to meet all of the needs for the
evacuation strategy, with some reserve. If a DOT cannot acquire adequate nearby stockpiles, then

they need a good inventory of the locations from which equipment can be transferred. This
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inventory should identify the availability of each piece of equipment. We recommend that each
DOT not rely on contractors and vendors to supply barricades, dynamic message signs and highway
advisory radios. Experience has proven this does not always work. The contractors and vendors
have obligations to secure their work sites and own equipment. As a result, they may not be able to

respond quickly enough if the equipment is available.

REENTRY PLAN

Reversed lane operations and use of the paved shoulder as a driving lane have some inherent safety
risks, due to their unconventional and unexpected use. The major decision to use alternative lane
operation is the presence of eminent danger. The concern of eminent danger does not exist after the
storm. The evacuation is very disruptive and causes personal concern for injury or loss of family
members, pets, property and businesses. The immediate concern for the state and local agencies
after a storm is rescue and recovery. This includes removing live utility lines and opening major
streets for emergency, law enforcement and public agency vehicles. The second concern is the
security and protection of property damaged or abandoned during the storm. The agencies do not
need the mass of traffic an alternative lane operation would carry into the area. We recommend that
reentry plans not include alternative lane operations in order to give state and local agencies the time
to secure the area and make an initial clean-up effort to open essential roads. This will serve to

prevent further injury and damage.

7.3  OPERATION OF SELECTED STRATEGY

PRE-SEASON PLANNING

We recommend the state agencies conduct training off-season exercises to prepare and acquaint the
different agencies. GDOT personnel were, in some ways, fortunate to have had two planned
implementations of the one-way plan called off at the last minute. GDOT had mobilized and sent
staff to their assigned positions with their equipment for two hurricanes. Each event provided a
practical and invaluable training exercise that permitted GDOT to fine tune their plan before its

actual implementation. Florida and South Carolina are greatly benefiting from their one-way
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exercises. Their exercises tested the thoroughness of the plans, each agency’s timetables and their
interaction. In some cases, these exercise exposed minor flaws or glitches that need further
development. As an example, the construction of the new Emergency Operations Center in
Columbia severely limited portable radio communications to and from the building. These exercises
also provide a forum to discuss with all the agencies any changes to the assumptions of the plan. As
an example, if the State feels they should be prepared to implement a one-way operation at the
beginning of the voluntary evacuation order, then this advances the mobilization and staging of
equipment and materials. This might overextend certain critical assets such as pilots. These

exercises provide a test and a place to discuss these types of issues.

EVENT OPERATIONS

A good communication network is the foremost concern of all DOT and highway patrol agencies in
the study area. We have cited some examples where these agencies needed to communicate, and
were prevented from doing so, due to failures involving their individual radio systems. Direct
communication is essential. Each state’s DOT and highway patrol agencies need to have radio

systems that can allow them to communicate directly, at least at the supervisory level.

Many DOT’s and Highway Patrol agencies utilize cellular telephones to aid in their normal duties.
These agencies units share the commercial bandwidths with commercial and private users. Users
overextend the capacity and available bandwidth of cellular systems during significant weather.
Transmission towers go off-line due to damage or power outages. We recommend the agencies do

plan to rely on cellular phones for the communications.

7.4 ITS APPLICATIONS - IDENTIFICATION OF EARLY DEPLOYMENT

This section discusses the suitability of the ITS technologies, reviewed in the previous section, for

early deployment. The criteria used in this assessment include:

o Benefits: A high priority should be placed on those ITS elements that are associated with

high user and system benefits, during the evacuation process. The benefits of elements
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should be determined during non-hurricane activities. Benefits should also be
determined, based on the degree to which each of the elements can address hurricane

evacuation user needs.

e Costs: Both the initial cost, (non-recurring) and management and operating costs

(recurring) costs, should be considered when selecting ITS technologies.

e FEstablished benefits: Technologies with established benefits are those that have been
implemented in several locations around the nation, which is an indicator of the potential
demand for these technologies. In addition, the deployment of these technologies should
have demonstrated tangible benefits in an operational setting. Thus, they are candidates

for early deployment, since a limited amount of risk is associated with their deployment.

e FEnabling technology: An ITS technology is a candidate for early deployment, if it
enables the implementation of a range of other technologies that are also useful in

addressing hurricane evacuation needs.

o The availability/maturity of the technologies: One of the important factors in technology
selection is the availability and maturity of the technologies. Early deployment should
not rely on technologies that do not exist, or may prove too costly and/or unreliable for

commercial applications.

o FExisting/planned system: A technology is a candidate for early deployment if it has

already been included in existing/planned ITS systems in the region.

o The implementation, operation, maintenance and institutional issues associated with the

deployment should be considered when selecting the early winners.

The following sections present a discussion of the technologies reviewed in the previous sections.
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Surveillance Systems

Surveillance systems are good candidates for early deployment. The information gathered by
network surveillance is required by most other ITS services. In addition, the benefits from deploying
surveillance systems are well established, and several vendors are available to offer competing

surveillance technologies, indicating the maturity of the technologies.

A key component of surveillance system is data gathering. Data gathering includes video images,
visual observations, traffic count data (volume, speed, vehicle classification and passenger
occupancy) and weather information. A well-developed system of automated data collection stations

is essential in the decision-making, incident monitoring and information dissemination to the pubic.

Planning units typically operate and maintain the permanent count stations on the DOT highway
systems as part of long range planning efforts. These count stations are invaluable because they
typically have the ability to collect, save and transmit count data very accurately with minimal
human interaction. They do not require employees to get in traffic to set counter hoses, etc. Many
of states use software that is cumbersome for quick collecting and reducing of the data. Newer
software provides quick reduction, saving and plotting of the transmitted data. The design of the
older equipment did not permit bi-directional counting. For situations where lanes may be reversed,

then the older equipment needs to be replaced.

The surveillance system costs could be high, particularly if full coverage of the evacuation routes is
required. Thus, careful evaluation of the needs will be necessary, when selecting the technology
type and deployment locations of CCTV cameras and detectors. The co-location of several devices
together, where practical, will reduce communication and power service costs. DOT’s should utilize

data from existing and planned surveillance systems on the evacuation routes and adjacent routes.

Transportation agencies are considering aerial surveillance during the evacuation process. This
could be a cost-effective alternative to infrastructure-based surveillance, realizing the limitations of
aerial surveillance listed in Section 5.1. Probe surveillance, based on vehicles equipped with

equipment that supports toll collection, is presently too expensive for hurricane evacuation
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applications, due to the high costs of the roadside readers. However, if proven accurate, emerging
probe surveillance technologies, such as tracking vehicles based on cellular telephone calls, could be

a cost-effective alternative to determine travel time on evacuation routes.

During recent evacuation operations, fluctuations in flood water levels made the dispersal of timely,
accurate, road closing information difficult. Weather information systems that gauge the level of
water at critical points in the evacuation network are potential applications that could help alleviate
future confusion of this nature. These systems also have the capability to advise travelers of the

speed limit, based on visibility and wind conditions.

The main institutional issue associated with network surveillance, is the requirement of information
sharing (video and data) between jurisdictions. Inter-jurisdictional agreements might be required
between agencies, regarding the control, operation and maintenance of these devices. Concerns also
exist, involving the public perception of invasion of privacy issues, associated with the use of probe
vehicles and CCTV cameras. Another issue associated with surveillance systems, is the lack of
technical expertise among current agency personnel to implement, operate, maintain and
administrate the system. A final issue involves the traffic disruption that could occur during

maintenance, particularly in the case of intrusive types of detectors.

Traffic Information Dissemination

One of the most important users’ needs during hurricane evacuation, concerned the dissemination of
real-time information to travelers. Early deployment should include traffic information
dissemination using DMS and Vertical Antenna HAR. Both DMS and HAR technologies are
mature and there are many vendors of these technologies. In addition, the benefits of these systems
are well established, particularly when used in conjunction with surveillance and traffic management
systems. The implementation of the information dissemination systems will provide immediate
benefits to evacuation travelers. These benefits will come without the requirement of high
investment in new in-vehicle equipment, as is required by the more advanced traveler information
systems. Both DMA and HAR devices were used by state DOT’s, during the Hurricane Floyd

reentry operation.
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The cost to install, maintain and operate DMS is relatively high. Thus, location sites should be
selected carefully, to provide the maximum benefits from the deployed DMS. Although portable
systems are generally less effective than permanent systems, the use of portable DMS and HAR
should be considered to increase the flexibility of deployment and reduce the costs. Portable devices
could be shifted from site to site, during the evacuation process. However, it will also be essential to
ensure that these devices can communicate with the central system that disseminates information
during hurricane evacuation. The portable equipment should also have tie downs to secure them

during high winds.

The DMS and HAR technologies are already in existence, or planned for many sections of the four
state study area, along hurricane evacuation routes and adjacent corridors. These devices will be
useful during the hurricane evacuation process. It is critical that the information delivered using the
DMS signs is accurate, reliable and useful. Thus, future procedures are also needed for collecting,

fusing and disseminating the data gathered through these technologies.

Dynamic Mainline and Ramp Control

Dynamic mainline and ramp control, using ITS technologies, should not be selected for early
deployment at locations where reversible lane/shoulder-use strategies are to be implemented. The
costs for installation and maintenance are very high. In addition, these systems provide very limited

benefit along the study area corridors, during non-hurricane activities

Surface Street Control

Hurricane evacuation ITS strategies should include an update of existing traffic signal control
systems, if necessary. Strategies should also include the development of signal plans, suitable for
various hurricane scenarios, to ensure efficient and integrated operations of evacuation routes and
adjacent streets. Signal timing control is one of the most mature ITS strategies, and is very effective,
in terms of a cost-benefit ratio. In addition, the benefits of an optimized signal timing control are

well established. As indicated in Section 5.4, increasing the efficiency of signal control operations
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along evacuation routes and adjacent streets is an important hurricane evacuation user service
requirements. Better timing plans and/or flashing operations have been suggested to address this

need.

Several vendors are competing to provide two-level distributed control systems, three-level
distributed control systems and signal control field equipment with varying capabilities.
Computerized signal systems are being installed in the southeast region. Many of the old centralized
systems in the metropolitan areas are being replaced by state-of-the-art two-level distributed traffic
control systems. Closed loop (three-level distributed systems) are also being upgraded to include

new TMC closed loop system software, TMC equipment and field equipment.

Agencies are also interested in regional traffic control. The potential benefits of integrated regional
control strategies have been clearly established through many trial implementations. Inter-
jurisdictional arrangements and regional communication internetworking are required to implement
these strategies. Interoperability issues between jurisdictions are also a concern, although the current

development of ITS standards will address these issues.

It should be noted that, while there are tremendous benefits to surface street control, as described

above, surface streets are not considered in this study.

Traveler Information Systems

For the near-term deployment, basic, low-cost, traveler information services should disseminate
information to travelers. Radio, television and personal computers will provide access to the
information. Agencies involved in the evacuation process have already begun to establish web sites
for use in the dissemination of evacuation information. Other possible methods entail including
systems like those associated with the Florida TIRN network, as well as kiosks placed at rest areas,
hotels and shelters. In areas such as the Southeast Florida region, where advanced traveler
information systems are planned, the systems will help disseminate basic and interactive information

to travelers.
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In the future, advanced systems that utilize in-vehicle traveler information and hand-held computer
technologies will become more mature, less costly, more widely used, and can become an important

part of the evacuation process.

Navigation/Route Guidance Systems

These systems require in-vehicle and/or personal equipment and are currently expensive and not
widely available. They are typically options on high-end vehicles. Although static route guidance
systems such as the location of hotels, shelters, gas stations and other facilities are becoming more
available, the information in these systems is static. At this point, these systems are not sophisticated
enough to determine the real-time status of the facilities that is important in the case of hurricane

evacuation.

Dynamic route guidance could play an important role in the future of hurricane evacuation, when the
required infrastructure becomes available, the equipment becomes more widely available and the

cost is reduced.

A potential application of navigation and route guidance systems is their possible use in conjunction
with the travel demand forecast system being developed for this project. When that system is
perfected, some form of the output could be distributed to route planning vendors such as AAA,
Smart Routes and ETAK among others. These vendors could provide their customers with en-route

information on route expected congestion.

Incident Management Systems

These systems are excellent candidates for early deployment. They rely on mature technologies and
exist in numerous locations around the nation, including the southeast United States. Numerous
studies have shown that incident management systems are one of the most effective ITS systems in
terms of cost to benefit ratio. In addition, the deployment of these systems around the nation has

demonstrated tangible benefits associated with their use.
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Automatic incident detection cost is high, since system detectors would be required every 1/3-1/2
miles with these systems. However, experience suggests that non-automated detection methods such
as cellular telephone calls, motorist call boxes calls and aircraft patrols can serve as a primary and
sufficient source of incident detection. Thus, non-automated incident detection methods are

recommended for near-future, Hurricane Evacuation ITS deployment.

Incident management requires inter-jurisdictional coordination between a large number of
transportation, emergency and enforcement agencies. This constitutes a major challenge for incident
management system implementation. Incident management plans should precede the
implementation of the technology. These plans should be continuously evaluated and refined.
Traffic management teams, which include various agencies involved in the incident management
process, should be formed where they do not exist to resolve the technical and institutional issues

associated with these systems.

Automated Vehicle Locations Systems and Computer Aided Dispatching Systems

Large sections of the Interstates and other freeways within this study area run through very rural
areas. The emergency medical teams and fire departments in these areas are small. Therefore, the
benefits of AVL and computer-aided dispatching systems are limited. The large urban emergency
medical and fire departments typically already possess such systems. While these systems provide

benefits, they are not near term candidates for further implementation for hurricane evacuation.

7.5 GENERAL RECOMMENDATIONS

The following four categories of ITS systems include elements for near-term implementation:
surveillance, traffic information dissemination, traveler information and incident management. The
recommendations presented in this section, include those proposed by the state agencies that may be
in draft form, as well as those we have developed. General recommendations described in this

section are not repeated in the following state specific sections.

Surveillance Systems
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This category of applications includes CCTV, aerial surveillance and count stations. The

recommendations for CCTV sites were chosen using the following criteria:

System interchanges connecting two freeway facilities

Termini (beginning and ending) of one-way freeway operations

Interchanges with high exchange of traffic between the cross road and the freeway route

Other potential bottlenecks during a hurricane evacuation such as high bridges
The locations for permanent count stations include sites that will either:

e Provide for gaps in data

e Provide two way counting during reverse lane operations

e Provide volume, speed and occupancy at key sites
Traffic Information Dissemination
The means to get information to potential evacuees, evacuees en-route and the evacuated population
vary depending on an individual’s status. Those individuals who are considering whether to
evacuate can rely best on commercial TV, radio, telephone, maybe newspapers, Internet sources for
timely information. The amount of information can be more detailed, lengthy and include graphics.
Those who are en-route must rely on short very concise messages over commercial radio, pagers,
cell phones, HAR and DMS signs. Those who have evacuated will likely have to use information

specific sources that they do not know. As an example, they may have evacuated to another state

and have to rely on local radio, newspapers and TV or word of mouth when they can return.
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The state needs to provide information to travelers on the emergency services that are available

during extended travel times such as hurricane evacuations.

Recommendations for traffic information dissemination applications include dynamic message signs

and highway advisory radios. Criteria for the recommendations for dynamic message signs include:

e Opportunities for good route diversions, particularly on approach to system interchanges;

e System interchanges that may be closed during one-way operations; and

e Approaches to one-way operations if they are beneficial during normal operations,

otherwise portable dynamic message signs would be used.

Highway advisory radio systems are not effective without signage to alert drivers to the correct
frequency. Since the radios do not broadcast all of the time, it is recommended that permanent signs
with remotely operated flashing lights be installed. Recommendations for highway advisory radio

sites include the following criteria:

e Approaches to one-way operation, so exclusive information can be broadcast to drivers;

and
e Rural areas where commercial radio and motorists’ services are limited.
Traveler Information Systems
Recommendations for traveler information systems include Internet travel information sites,
information kiosks and usage of the commercial broadcast and print media. This category also
includes permanent signage that will provide location information to evacuees, shelter information

and destination information for reverse lane operations.

Dr. Jay Baker in post-Hurricane Floyd behavioral studies found that direct Internet usage was not a
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major provider of information to people trying to decide to evacuate. The Internet and its related
Intranet applications provide a gateway for the media, other agencies and travel information service
providers to share and disseminate information. Therefore, the Internet is an essential tool for data

sharing and information dissemination.

FHWA already provides “hot links” to each state’s travel information web page. In addition, FHWA
and the study area states agreed through meetings in Atlanta, to develop common data for use as
traveler information on their individual Internet sites. This data includes information regarding: road
closures, current traffic volumes, speed and detour routes. The states recognize traveler information
as a major issue and agreed that single sources of contact with the media should be established for

road closure information.

The use of common data should be also expounded upon to include an interagency Intranet site,
developed solely for information sharing. These Intranet sites would allow internal access to

detailed information amongst affected Departments and states.

Evacuees en-route from their homes have two principal means through which they can receive
traveler information. The first include DMS and HAR devices that address route specific issues, and
the second include commercial broadcast media. The message lengths of the DMS’s and HAR’s
must be kept brief. Therefore, the use of the commercial media is very important. The states should
work in partnership with the media to broadcast information about road conditions, shelters and
services. This service is especially important in the case of shelters. Large numbers of evacuees
sought shelter far from their homes, and often had difficulty locating nearby shelters. DOT's should
consider the provision of signage for shelters located off major evacuation routes that will house out-

of town evacuees.

Incident Management Systems

Incident management recommendations include the use of freeway management teams and service
call centers. This recommendation also includes the need for incident operation plans. Staffing

plans can often become outdated, due to staff turnover, promotions and transfers. State agencies
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need to review each operations plan and periodically update the staffing list.

In study meetings in Atlanta, the states agreed that the conference calls conducted within the State of
Florida would expand to include neighboring States. This decision will provide an early warning of
hurricane events that are about to occur that will affect these states. Similarly, the states will use the
conference calls to alert the host states that are sheltering evacuees that evacuated areas are open for
reentry. The host states will then relay that information through the local emergency managers. The
decisions made at the meetings in Atlanta in October and since then are a first step. They were
designed as a building block that could be incorporated in preparations for the 2000 hurricane

s€ason.

The next step should be a more formal partnership to create a southeast transportation information
sharing system to integrate data sharing not only during emergencies but also for other traffic flow
activities in the Southeast region. The information would be available to decision makers and to the

traveling public.

Automated Vehicle Locations Systems and Computer Aided Dispatching Systems

The text messaging systems included in commercial truck fleets is an excellent system for
broadcasting detailed messages about the upcoming storms. One way to increase the roadway
capacity is to reduce the broad mix of vehicle types. For level terrain, a truck is equivalent to 1.5
passenger vehicles and an RV is equivalent to 1.2 passenger vehicles. Any percentage decrease in
truck traffic results in half again percentage increase in total capacity. As an example, if the traffic
stream comprises 90% cars and 10% trucks and the truck percentage was reduced to 5% by diverting
trucks off the one-way route then the roadway capacity will increase by 2.5%. This assumes no
effects of grade. If bridges with grades greater than 2%, then additional improvements in capacity

can be realized.
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7.6 RECOMMENDATIONS - FLORIDA

ITS APPLICATIONS

In the highly urbanized areas of Florida, FDOT has constructed major ITS systems and is planning
others. These systems will offer, upon completion, major improvements in hurricane evacuation.
The recommended improvements are concentrated in the rural sections of the study corridors. This
includes sections of I-10, I-75, I-4, I-275, the Florida Turnpike, S.R. 821 and I-95. FHP and FDOT
are continuing to refine their one-way plans. That effort will affect the final recommendations
shown in Table 7-1.

Surveillance

Figure 7-2 and Table 7-1 show specific recommendations for CCTV sites.

FDOT has a well-developed system of permanent count stations; therefore, no additional sites are
proposed. Before Hurricane Floyd, FDOT’s software, used to poll and process the permanent count
stations, allowed easy use of the count stations during hurricane evacuations. Because of the
hurricane, FDOT has allocated $300,000 to replace the software and expedite the data reduction and
dissemination to the emergency mangers. This process needs to be completed.

Traffic Information Dissemination

These improvements include HAR and DMS signs as shown in Figure 7-2 and listed in Table 7-1.
Traveler Information

Florida has several advanced travel information systems in development. Each should incorporate

the technology to share data.
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Incident Management

Florida has a very decentralized organization, comprised of eight operating districts. Each is
responsible for all planning, design, construction and maintenance within a geographical area. A by-
product of that organization is that most ITS systems do not interact with each other. There are some

exceptions, such as the ITS systems proposed in the south Florida area along 1-95 and 1-595.

The next step in the logical migration of the ITS system in Florida, is tying the regional systems
together. FDOT has begun a first step by creating a state ITS Engineer to perform coordination
efforts. This engineer and his or her future staff should develop a plan to integrate the various
components of the regional freeway-related system. The ultimate product would be the sharing of
data and video with adjacent systems, and providing that data to the State Emergency Operations
Center. It should be stressed that the regional systems will not be giving up operational control.

They will simply share data and be able to alert each other to developing problems.

NON-ITS SOLUTIONS

During the Floyd evacuation, the availability of motorists’ services and access to restrooms were a
problem, due to the extended travel times. The state needs to arrange with private operators to
ensure fuel is available and restaurants are open during the critical evacuation period. FDOT needs
to be responsible for keeping the rest areas open. In addition, the state needs to pre-arrange for the
fueling of state vehicles during an evacuation. Low fuel was an issue, and FDOT had to rent a fuel

tanker to refuel state vehicles and private vehicles that were stranded.

FHP has 800 MHz radios in all patrol cars, in the southern half of the state, where that system exists.

The 800 MHz system is incomplete in the northern half of the state. FHP must provide the
capability for direct communication between local police and sheriff units, FDLE, other state law
enforcement agencies and FDOT during an incident. Presently, this level of communication is not
possible. FDOT has limited ability to communicate with FHP directly. Due to this problem, Florida
should make the completion of the statewide 800 MHz systems a high priority.

7-25



Figure 7-2
Legend

DIAS

HAR

WEATHER STATION

|
*
@ cov

& CT STATION

Florida ITS Recommendations

200 2040 Miles
™ e ™

Apnis oiyei | UONENORAT URILIINE SIS PalIUN 1SBaYyINnos

7-26



Table 7-1
Florida
ITS Recommendations

Count [ Weather

Route | Direction Location County |CCTV|HAR|DMS| Station| Station Costs
HEFT 1-75 Dade X $ 40,000
HEFT S.R. 836 Dade X $ 40,000
HEFT U.S. 27 Dade X $ 40,000
HEFT U.S. 441 Dade X $ 40,000
HEFT S.R. 94 Dade X $ 40,000
HEFT S.R. 874 Dade X $ 40,000
HEFT U.S. 1 (Cutler Ridge) Dade X $ 40,000
HEFT U.S. 1 (Florida City) Dade X X $ 40,000
1-10 1-75 Columbia X X X X $ 350,000
1-10 U.S. 301 Duval X X $ 100,000
1-10 U.S. 29 Escambia X $ 40,000
1-10 U.S. 231 Jackson X X $ 100,000
1-10 U.S. 90 (West) Leon X $ 40,000
1-10 U.S. 90 (East) Leon X $ 40,000
1-10 U.S. 27 Leon X $ 40,000
1-10 U.S. 319 Leon X $ 40,000
1-10 Eastbound |West of U.S. 90 Leon X $ 250,000
1-10 Westbound |East of U.S. 90 Leon X X $ 310,000
1-10 S.R. 85 Okaloosa X $ 40,000
1-10 S.R. 285 Walton X $ 40,000
1-275 U.S. 301 Hillsborough X $ 40,000
1-4 1-75 Hillsborough X $ 40,000
1-4 U.S. 301 Hillsborough X $ 40,000
1-4 U.S. 98 Polk X $ 40,000
1-75 S.R. 24 Alachua X $ 250,000
1-75 U.S. 17 Charlotte X $ 40,000
1-75 S.R. 846 Collier X $ 40,000
1-75 S.R. 865 Collier X $ 40,000
1-75 Northbound |South of U.S. 90 Columbia X $ 250,000
1-75 Northbound |I-10 Columbia X $ 250,000
1-75 S.R. 50 Hernando X $ 250,000
1-75 1-275 Hillsborough X X $ 290,000
1-75 | Northbound |1-4 Hillsborough X $ 250,000
1-75 Northbound | Turnpike Lake X $ 250,000
1-75 S.R. 70 Manatee X $ 40,000
1-75 S.R. 64 Manatee X $ 40,000
1-75 1-275 Manatee X X $ 290,000
1-75 1-275 Manatee X X $ 290,000
1-75 U.S. 17 Manatee X $ 40,000
1-75 S.R. 780 Sarasota X $ 40,000
1-75 S.R. 72 Sarasota X $ 40,000
1-95 S.R. 528 Brevard X $ 40,000
1-95 S.R. 407 Brevard X $ 40,000
1-95 S.R. 50 Brevard X $ 40,000
1-95 South of S.R 520 Brevard X $ 250,000
1-95 U.S. 192 Brevard X $ 40,000
S.R. 528 U.S. 427 Orange X $ 40,000
Turnpike S.R. 870 Broward X $ 40,000
Turnpike S.R. 838 Broward X $ 40,000
Turnpike S.R. 814 Broward X $ 40,000
Turnpike S.R. 820 Broward X $ 40,000
Turnpike S.R. 60 Indian River X X $ 40,000
Turnpike 1-75 Lake X $ 40,000
Turnpike Osceola Parkway Osceola X $ 40,000
Turnpike S.R. 704 Palm Beach X $ 40,000
Turnpike S.R. 80 Palm Beach X $ 40,000
Turnpike S.R. 808 Palm Beach X $ 40,000
Turnpike S.R. 806 Palm Beach X $ 40,000
Turnpike S.R. 804 Palm Beach X $ 40,000
Turnpike S.R. 802 Palm Beach X $ 40,000
Turnpike Thomas B. Manuel Bridge St.Lucie X X $ 40,000
Total 52 4 13 0 4 $ 5,570,000
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7.7 RECOMMENDATIONS - GEORGIA

ITS APPLICATIONS

GDOT is studying the application of ITS elements in the coastal region of the state. The
recommendations shown in Figure 7-3 are part of the draft recommendations of GDOT’s study. Itis
the desire of the ITS staff of GDOT to implement that package this year, along with other
improvements of the study corridors.

Surveillance

Figure 7-3 and Table 7-2 show the proposed locations of CCTV sites, taken from the GDOT draft
report.

Traffic Information Dissemination

These improvements include HAR and DMS signs as shown in Figure 7-3 and in Table 7-2.

Incident Management Systems

As part of the implementation package described above, GDOT intends to construct a temporary
traffic management center in the Savannah area to operate the field components. Ultimately, GDOT
plans to construct a permanent traffic management center, jointly with the City of Savannah. GDOT
will operate the center and the field components, using the Georgia Navigator software. This will
permit the State Traffic Management Center in Atlanta to share data and receive the CCTV. It will
also permit the State Traffic Management Center to operate the system during periods when the

regional center is not staffed.

GDOT should deploy HERO units from Atlanta during evacuation and reentry to perform incident

management duties.
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NON-ITS SOLUTIONS

During the evacuation, motorists’ services and restroom availability were a problem, due to the
extended travel times. The state needs to pre-arrange with private operators to ensure fuel is
available and restaurants are open during the critical evacuation period. GDOT also needs to keep

the rest areas and welcome centers open.

GDOT has begun implementation to phase out their UHF and VHF radio systems and replace then
with 900 MHz radios from Southern LINC. Recently, GDOT received approval to expand the
replacement outside the Atlanta metro area. Until GDOT completes that conversion, GDOT and
GSP cannot communicate directly in the coastal area, due to incompatible radio frequencies. GDOT
needs to complete the radio system conversion. As an interim step, senior managers in the District

offices should receive 900 MHz radios, to allow them to communicate with GSP supervisors.
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Table 7-2
Georgia
ITS Recommendations

Count | Weather
Route | Direction Location County CCTV |HAR|DMS |Station| Station Costs
1-16 West of U.S. 280 Bryan X X $ 80,000
1-16 West of S.R. 67 Bulloch X $ 250,000
1-16 U.S. 25/301 Bulloch X $ 40,000
1-16 S.R. 67 Bulloch X $ 40,000
1-16 Westbound |West of U.S. 25 Candler X $ 60,000
1-16 Westbound |West of Milepost 161 Chatham X $ 250,000
1-16 U.S. 80 Chatham X $ 40,000
1-16 U.S. 1 Emanuel X $ 40,000
1-16 West of of S.R. 57 Emanuel X $ 250,000
1-16 West of of S.R. 297 Emanuel X $ 60,000
1-16 U.S 441 Laurens X $ 40,000
1-16 West of S.R. 199 Laurens X $ 250,000
1-16 West of S.R. 278 Laurens X X $ 290,000
1-16 West of U.S. 29 Laurens X X X $ 310,000
1-75 Northbound |Lowndes Welcome Center Lowndes X $ 250,000
1-75 U.S. 84 Lowndes X $ 40,000
1-95 S.R. 144 Bryan X $ 60,000
1-95 Blythe Island Drive Bryan X $ 250,000
1-95 South of S.R. 144 Bryan X $ 40,000
1-95 | Northbound |St. Mary's Road Camden X $ 250,000
1-95 | Northbound [S.R. 40 Camden X $ 40,000
1-95 Atl-16 Chatham X $ 40,000
1-95 | Southbound |Welcome Center Chatham X $ 250,000
1-95 S.R.21 Chatham X $ 40,000
1-95 S.R. 204 Chatham X $ 40,000
1-95 Southbound |North of U.S. 280 Chatham X $ 250,000
1-95 North of S.R. 144 Chatham X $ 250,000
1-95 U.S. 25/341 Glynn X $ 40,000
1-95 U.S. 17 Glynn X $ 40,000
1-95 | Northbound |U.S. 17 Glynn X X $ 310,000
1-95 Sandy Run Road Liberty X $ 250,000
Total 15 5 14 2 0 $ 4,440,000
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7.8 RECOMMENDATIONS - NORTH CAROLINA

ITS APPLICATIONS

We have developed a proposed list of ITS field elements, shown in Figure 7-4 for North Carolina,
along [-40, I-95 and 1-440. The proposed ITS elements extend further inland, due to the destinations
of evacuees. The Raleigh area is the major destination of evacuees from all over the eastern part of
the state. Raleigh is the confluence of one interstate and four U.S. highways that potentially convey

evacuation traffic either from the coast or from South Carolina.

Surveillance

The proposed list of ITS field elements contains CCTV and count stations.

Currently, NCSHP’s ten OH-58 helicopters are not equipped for minimum weather flying, and their
pilots are not trained for such flying. Aerial surveillance can provide excellent means to cover a
large area, and see the true situation during an incident. We recommend at least one helicopter be
equipped and its crew be trained for minimum weather flying.

Traffic Information Dissemination

The list of proposed elements in Table 7-3, and as shown in Figure 7-4, includes dynamic message

signs and highway advisory radios.

Incident Management Systems

NCDOT has created an ITS operations unit to support the field personnel in the fourteen divisions of
the Division of Highways. This unit will provide overall operational management and support of

ITS systems for the NCDOT. Part of the plan includes the establishment of a state traffic

management center in Raleigh.
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Figure 7-4
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Table 7-3
North Carolina
ITS Recommendations

Count | Weather
Route | Direction Location County CCTV | HAR Station | Station Costs
I-40 Rest Area Duplin X X $ 130,000
1-40 Eastbound |West of 1-95 Johnson X X X $ 380,000
1-40 Westbound |South of 1-95 Johnston X X X X $ 340,000
1-40 South of U.S. 70 Johnston X X $ 320,000
1-40 Westbound [South of N.C. 96 Johnston X X X X $ 400,000
1-40 Cape Fear River New Hanover X X $ 70,000
1-40 N.C. 132 New Hanover X X X X $ 400,000
1-40 U.S. 117 Sampson X $ 70,000
1-40 South of N.C. 403 Sampson X X $ 320,000
1-40 South of N.C. 701 Sampson X $ 250,000
1-40 U.S. 70 Wake X X $ 90,000
1-440 1-40 (South of Raleigh) Wake X $ 70,000
1-440 U.S. 401 Wake X $ 70,000
1-440 U.S. 1 (West of Raleigh) Wake X $ 320,000
1-440 1-40 (West of Raleigh) Wake X $ 70,000
1-440 U.S. 70 (South of Raleigh) Wake X $ 70,000
1-440 U.S. 401 (East of Raleigh) Wake X $ 70,000
1-440 U.S. 70 (North of Raleigh) Wake X $ 70,000
1-440 U.S. 1/64 (East of Raleigh) Wake X X $ 380,000
1-440 U.S. 401 (South of Raleigh) Wake X $ 70,000
1-440 U.S. 64 (Apex) Wake X $ 70,000
1-95 | Northbound|South of N.C. 59 Cumberland $ 250,000
1-95 N.C. 59 Cumberland X $ 70,000
1-95 N.C. 24 Cumberland X $ 70,000
1-95 | Northbound|South of U.S. 301 Cumberland X X X X $ 400,000
1-95 | Northbound|South of U.S. 401 Harnett X $ 250,000
1-95 | Northbound|South of U.S. 421 Harnett X X $ 320,000
1-95 Southbound |North of 1-40 Johnson X X $ 320,000
1-95 South of 1-40 Johnston X X $ 320,000
1-95 U.S. 64 Nash X X $ 130,000
1-95 U.S. 74 Robeson X X X $ 320,000
1-95 N.C. 211 Robeson X $ 70,000
1-95 U.S. 264 Wilson X X $ 70,000
Total 30 7 5 4 $ 4,420,000

The present traffic management center in Raleigh, serving the 1-40 area west of Raleigh, will expand

its function. The center will become both the Raleigh Regional Traffic Management Center and the

State Transportations Center. This center will share data and video with the other regional traffic

management centers in Charlotte and Greensboro. The Raleigh Traffic Management Center will

provide back-up control, during periods when the other centers are not manned.

NCDOT should consider the use of its IMAP, motorists’ assistance patrols, on [-40 during an

evacuation. The use of these patrols would require redeployment from other parts of the state.
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NON-ITS SOLUTIONS

During the Floyd evacuation, the lack of motorists’ services and restrooms were a problem in other
states, due to the extended travel times. The state needs to arrange with private operators, to ensure
fuel is available and restaurants are open during the critical evacuation period. NCDOT needs to

keep the rest areas and welcome centers open.

7.9 RECOMMENDATIONS - SOUTH CAROLINA

ITS APPLICATIONS

SCDOT has developed an interim plan for ITS implementation to support hurricane evacuations.
Table 7-4 contains those recommendations. We have expanded the list to include ITS elements

along 1-20, 1-77, I-95 and 1-526.

Surveillance

SCDOT maintains a well-developed system of count stations on Interstates. We have proposed
some additions to support hurricane evacuations. The SCDOT software used to poll and process the
counts permitted good use of the count stations during the evacuation for Hurricane Floyd. Some
counters at the permanent count stations need to be replaced to allow bi-directional counting, during
one-way operations. These items, along with CCTV sites are included in Table 7-4, and shown in

Figure 7-5.
SCHP currently leases a plane with a pilot for various patrol functions. They also call upon other
state agencies for assistance. SCHP should continue its efforts to obtain and equip an aircraft for its

exclusive use.

Traffic Information Dissemination
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Table 7-4 includes dynamic message signs and highway advisory radios.

Incident Management Systems

We recommend continued use of the SHEP patrols. SCDOT should utilize redeployed SHEP units

from other parts of the state to assist with incident management during evacuation and reentry.

NON-ITS SOLUTIONS

During the evacuation, motorists’ services and restrooms were a problem, due to extended travel
times. The state needs to arrange with private operators to ensure fuel is available and restaurants
are open during the critical evacuation period. SCDOT also needs to keep the rest areas and

welcome centers open.

After Hurricane Hugo, SCDOT identified limitations in their radio communications. SCHP operates
on 800 MHz, low band (VHF) and high band (UHF) radios. Multiple radios are installed in each
patrol car to ensure any trooper can talk to any other. SCHP cannot presently communicate directly
with any other state law enforcement agency in South Carolina. Further, the only SCDOT personnel
that SCHP can communicate with directly are the SHEP units. While SCHP and SCDOT have
developed an interim plan to use SCHP portable radios for key senior managers in hurricane
evacuations, it is a temporary measure. These agencies need a statewide communications system,
such as the 800 MHz systems, that permit each agency to have secure routine communication within

their agency, and direct communication during incidents with other departments.
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Figure 7-5
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Table 7-4
South Carolina
ITS Recommendations

Count |Weather
Route | Direction Location County CCTV | HAR | DMS [ Station | Station Costs
1-20 | Northbound Rest Area Charleston X $ -
1-26 Westbound 1-526 Charleston X X $ 270,000
1-26 Westbound East of U.S. 15 Dorchester X $ 250,000
1-26 Eastbound 1-77 Lexington X X X X $ 370,000
1-26 | Westbound 1-77 Lexington X X § 270,000
1-26 Eastbound West of S.C. 210 Orangeburg X X $ 270,000
1-526 | Westbound | North of U.S. 17 (Mt. Pleasant) [ Charleston X X X $ 330,000
1-526 Wando River Charleston X $ 40,000
1-526 Cooper River Charleston X $ 40,000
1-526 Ashley River Charleston X $ 40,000
1-526 | Westbound 1-26 Charleston X X X $ 350,000
1-526 Eastbound 1-26 Charleston X $ 250,000
1-526 | Eastbound North of U.S. 17 Charleston X X $ 60,000
1-77 1-20 Richland X X $ 60,000
1-95 U.S. 521 Clarendon X $ 40,000
1-95 | Northbound S.C. 64 Colleton X $ 40,000
1-95 S.C. 64 Colleton X $ 40,000
1-95 | Southbound Dillon Welcome Center Dillon X X $ 250,000
1-95 | Northbound 1-26 Dorchester X X $ 100,000
1-95 | Northbound U.S. 78 Dorchester X $ 40,000
1-95 | Northbound South of U.S. 178 Dorchester X $ 250,000
1-95 S.C. 61 Dorchester X $ 40,000
1-95 1-20 Florence X $ 40,000
1-95 U.S. 52 Florence X $ 40,000
1-95 S.C.68 Hampton X $ 40,000
1-95 | Northbound North of U.S. 321 Jasper X X X $ 100,000
1-95 | Northbound North of S.C. 336 Jasper X $ 40,000
1-95 [Southbound| Hardeville Welcome Center Jasper X $ 250,000
1-95 U.S. 301 Orangeburg X $ 40,000
1-95 U.S. 176 Orangeburg X $ 40,000
1-95 U.S. 601 Orangeburg X $ 40,000
1-95 U.S. 378 Sumter X $ 40,000
Total 22 5 11 7 3 $ 4,070,000
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LIST OF ABBREVIATIONS

ATIS (Advanced Traffic Information System): System dedicated to the collection, analysis

storing and dissemination of traffic flow data conditions to users in their choices of route

selection.

ATMS (Advanced Traffic Management System): System dedicated to the operation of a specific

traffic control system such as traffic signals, freeway surveillance and ramp metering.

AVL (Automated Vehicle Location): Technology that utilizes GPS to calculate position of a

specific vehicle and transmit that information to a central site.

ATR (Automatic Traffic Recorder): Self-contained recording device to collect various types of

traffic data. They can be portable devices using pneumatic hoses or permanent installations

using permanent in-pavement sensors.

CCTV (Closed Circuit TeleVision): Used for surveillance of traffic conditions.

DCA: Florida Department of Community Affairs (Emergency Management Division)

DMS (Dynamic Message Sign): Portable of permanently mounted message signs where the

messages can be remotely operated. The message face is not a fixed sign panel but it

incorporates a technology that can be changed.

EOC (Emergency Operations Center): A centralized inter-agency facility to coordinate and

manage operations related to various emergency operations related to weather, natural disasters,

acts of war and etc.

FDLE: Florida Department of Law Enforcement
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FDOT: Florida Department of Transportation

FHP: Florida Highway Patrol

FHWA: Federal Highway Administration.

GDOT: Department of Transportation

GSP: Georgia State Patrol

GEMA: Georgia Emergency Management Agency

GPS (Global Positioning System): Technology that utilizes multiple satellites and a radio

receiver to calculate latitude, longitude and altitude. The calculation of the previous and current

position allows the calculation of speed and distance traveled.

HAR (Highway Advisory Radio): Self contained low power radio transmitters licensed by the

FCC on certain frequencies for the express purpose of disseminating traffic information.

HERO: Georgia Department of Transportation’s motorist assistance patrol

IMAP: North Carolina Department of Transportation’s motorist assistance patrol

ITS (Intelligent Transportation Systems): use or application of technology to improve the

efficiency and safety of transportation systems. This includes transporting people and freight

using the modes of car, truck, bus, rail, air and water.

MUTCD: FHWA’s Manual of Traffic Control Devices. Regulatory and guide document for

signing, pavement markings, traffic signals and traffic control devices in the United States.
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NCDOT: North Carolina Department of Transportation

NCDMV: North Carolina Division of Motor Vehicles

NCSHP: North Carolina State Highway Patrol

RPM (Raised Pavement Marker): Reflectorized device mounted on or ground in the roadway to

improve delineation of the travel lanes and edges of the roadway.

SCDOT: South Carolina Department of Transportation

SCHP: South Carolina Highway Patrol

SHEP: South Carolina Department of Transportation’s motorist assistance patrol

TMC (Traffic Management Center): A central facility housing equipment and personnel to

operate specific traffic signal systems, freeway surveillance systems, ramp metering systems and

etc.

TOC (Traffic Operations Center): Frequently and interchangeable term with TMC. Sometimes

referred to a center that oversees all transportation operations and not technology specific

applications such as traffic signals.

UTCS (Urban Traffic Control System): Software developed by FHWA to operate groups of

primarily large signal systems. The software used direct communications to intersections and

centralized databases on mainframe computers.
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EAST BOUND TRAFFIC ON I-4

SITE 343 1.6 MI E. OF SR-434, SEMINOLE CO.
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WEST BOUND TRAFFIC ON I-595
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VOLUME

EAST BOUND TRAFFIC ON 1-595

SITE 186 .2 MI E. OF UNIVERSITY DR., BROWARD CO.
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NORTH BOUND TRAFFIC ON US-301
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EAST BOUND TRAFFIC ON US-90
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EAST BOUND TRAFFIC ON US-90

SITE 62 @ E. END OF PABLO CREEK BRIDGE, DUVAL CO.
HURRICANE FLOYD (SEPTEMBER 13-16, 1999)
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EAST BOUND TRAFFIC ON SR-500

SITE 65 2.0 MI W. OF SR-15 IN HOLOPAW, OSCEOLA CO.
HURRICANE FLOYD (SEPTEMBER 13-19, 1999)
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SOUTH BOUND TRAFFIC ON US-27

SITE 327 2.7 MI S. OF SR-70, HIGHLANDS CO.
HURRICANE FLOYD (SEPTEMBER 13-16, 1999)
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WEST BOUND TRAFFIC ON US-90

SITE 279 47 FT. E. OF SUMANTRA DRIVE, MADISON co.
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SOUTH BOUND TRAFFIC ON US-1

SITE 263 1.3 MI N. OF CR-202, FLAGLER CO.
HURRICANE FLOYD (SEPTEMBER 13-16, 1999)
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GEORGIA TRAFFIC COUNTS
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SOUTH CAROLINA TRAFFIC COUNTS
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Hourly Volume
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1-95 Northbound (Station 28)
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MEETING MINUTES
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SOUTHEAST UNITED STATES HURRICANE STUDY

MEETING MINUTES
Florida Highway Patrol and Florida Department of Transportation
January 20, 2000
Attendees Agency Telephone  Email

Lt. Col. Billy Dickson Highway Patrol — Field Operations (850) 733-4030 dickson.billy@hsmv.state.fl.us
Major Kevin Guidry Highway Patrol — Field Operations (850) 488-1009 guidry.kevin@hsmv.state.fl.us
Capt. Mark Trammell Highway Patrol — Field Operations (850) 486-1058 trammell.mark@hsmv.state.fl.us
Capt. Robert S. Duncan  Highway Patrol — Orlando Troop D (407) 737-2300 duncanrs@flcjn.net

Lt. Larry Peterson Highway Patrol — Troop H (850) 342-0233 peterson.larry@ hsmv.state.fl.us
Michael Loehr DCA - Emergency Management (850) 413-9872 michael.loehr@dca.state.fl.us
Ken Morris FDLE - Tallahassee (850) 410-8399 kenmorris@fdle.state.fl.us
Steve Decker FDOT — EOC Coordinator (850) 488-3546  steven.decker@dot.state.fl.us
Mark Bartlett FHWA — Tallahassee (850) 942-9650 mark.d.bartlett@thwa.dot.gov
Alf Badgett PBSJ (704) 522-7275 habadgett@pbsj.com

Alf Badgett introduced the purpose of the meeting and the project schedule. He also provided a brief
description on FHWA-Washington’s work beyond the PBSJ study. The discussion, not necessarily

in order of how it was discussed, is grouped in relevant topics below:

GENERAL

Evacuation is a county decision. It was quoted that “evacuation (decision) is not about people but
economy”. Those present felt it is important the local counties make the evacuation decisions but it
is more effective. Some counties have at times balked or been slow to decide to evacuate due to the
affect on the local economy. For multi-regional evacuations, it is a state decision. While Floyd was

a bad storm with many people evacuating, Opal was the state’s watershed event.
The Florida Highway Patrol (FHP) has a fixed wing aircraft (Cessna 172’s) for each troop. They
have four OH-58 helicopters equipped with pilots rained for night flying and minimum weather.

The helicopters are equipped with the FLARE system. FHP plans to equip them with night vision.

FHP owns seven portable variable message signs (VMS) acquired through a Highway Safety grant

for $ 180,000. FHP also owns four trailer mounted radar units that display the measured speed.

As a potentially threatening storm approaches, FHP places all troopers on notice and they go on
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twelve-hour shifts. Evacuation duty assignments are based upon using resources only within the

region. Except extreme cases, troopers are not deployed outside their home area.

The Department of Community Affairs (Emergency Management Division) (DCA), Florida
Department of Law Enforcement (FDLE), FHP FDOT and others have used the regional

organization for hurricane activities since 1996.

The State of Florida emergency response system places law enforcement officers of the following

agencies, under FDLE * for traffic management:

e FHP

e Florida Wildlife, including the personnel of the old Fish and Game and Florida Marine Patrol
agencies

e DMV

e Dept. of Agriculture *

e Dept. of Insurance *

e Alcohol and Beverage Control *

The above listed agencies noted with an asterisk are not trained through their normal duties in traffic

control.

Before Hurricane Floyd, FHP and FDOT had not developed an operational plan to one-way a
freeway facility. Due to staff limitation and extra responsibilities in the regional response
organization, state agencies had not identified additional staffing sources within a given region that

could respond in the required time.

Communications

Florida Department of Transportation (FDOT) personnel have no ability to talk by radio directly
with FHP except for Florida’s Turnpike staff that have 800 MHz radios.
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FHP uses the 800 MHz radio system in the south part of the state and low band in north Florida.
Patrol cars are not equipped with all radio frequencies. There is a plan for a statewide 800 MHz

radio communications network. FHP and others are pursuing funding to complete the system.

FDLE uses different low band frequencies from the FHP. The sheriffs’ offices operate 450 MHz.

The state law enforcement agencies have begun a program to share dispatching through five regional

dispatch centers. All dispatchers are trained to dispatch for any of the participating agencies.

The state emergency broadcast system available throughout the state is intended for a warning and

not public information and participation is voluntary.

HURRICANE FLOYD

Generally, the evacuation went well as designed. All vulnerable residents safely evacuated by 4:00

P.M. from the coastal areas.

Evacuation Problem Areas

Traffic on all Interstates was very heavy, particularly I-10 between Tallahassee and Jacksonville.
The public responded higher than expected for a Category 2 evacuation; this caused more congestion
than predicted. The inability to get the evacuees efficiently to the shelters in the host areas caused a
lot of congestion onto the Interstate. The host county transportation system is essential and critical

to the evacuation process.

Vehicles (state and private) ran out of gas on I-10. It was a very big problem. FDOT rented a tanker
to fill portable gas cans carried by FDOT and FHP personnel.

Jefferson County passed out flyers in gas stations to provide information to evacuees seeing shelter

and services.
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Reentry Problem Areas

Road closure information was not timely enough. Traveler information was a problem during
evacuation and reentry. The nature of the evacuees is different in the coastal area and information

needs to be developed to communicate to these different groups.

POST HURRICANE ACTIVITIES

The State held a series of five regional meetings to address hurricane evacuation issues. A series of
reports prepared by Steve Decker summarize each regional meeting. The preliminary staffing and
material costs of each one-way plan listed below. FDOT estimated has or can rent only 10% of the
equipment required to implement a one-way plan. In particular, the plans need many VMS signs.

The amount of VMS signs each FDOT district has is widely variable.

Col. Dickson stated that a one-way plan is not a “silver bullet” and the solution to all evacuations.
He does not want to see a one-way plan as a panacea to all evacuation problems. FHP believes the
priorities of the evacuation strategies are 1) normal two-way operation, 2) use westbound right

shoulder as a third lane and 3) reverse eastbound lanes.

FHP is working with FDOT to develop one-way plans as a contingency for the following corridors

and directions:

e [-10 westbound from Jacksonville to Tallahassee

e [-10 eastbound from Pensacola to Tallahassee

e -4 eastbound from Tampa to Orlando

e [-4 westbound from Orlando to Tampa

e S.R. 528 (Bee Line Expressway) from east end to Orlando

e Florida’s Turnpike from Lantanna Toll Plaza to Orlando

e Alligator Alley westbound from Broward County to west coast

e Alligator Alley from eastbound from the west coast to Broward County

e [-75 northbound from Charlotte County to Tampa
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Capt. Duncan and Lt. Peterson each discussed the particular plans they have been developing. Lt.
Peterson has a portion of the plan to one-way I-10 westbound from Jacksonville to Tallahassee.
Capt. Duncan is working on the plans to one-way I-4 (both directions) and S.R. 528. They explained
the process of making site visits to each interchange ramp along a particular corridor. From each site
visit, they developed a sketch of the signing, barricading and formulated staffing assignments. They
also met with local law enforcement agencies to explain the plan. The plans include aerial photos
and detailed narratives of each officer’s responsibilities and how the plan will work. FHP will
designate an incident commander, probably a major for a one-way plan. These plans also include
the use of VMS signs. The plan addresses the control of rest areas and how the FHP communication
centers will interact. The plans include details for the startup and shutdown of the one-way
operation. They have addressed certain signing that will be needed to identify services and provide
locational information to destinations on the reversed lanes. FHP will “severely” limit access to and
from the reversed lanes. FHP hopes HAR’s (highway advisory radios) will available to assist with

traveler information.

FHP feels the availability and use of air ambulances are important to respond quickly to accidents.

They feel the helicopters must be pre-deployed during the one-way operation.

FHP will use troopers patrolling in small zones to monitor to accidents and disabled vehicles. The
zones will be set small enough so that troopers using other routes to get back to the upstream end of
their zones without compromising coverage on the evacuation route.

The I-10 westbound plan will include the use of U.S. 90 for wrecker, emergency vehicles and FHP
access. FHP estimates it will take 2-3 hours for clearance and setup. FHP will use aerial

surveillance. They will escort first vehicles through on the reversed lanes.

The S.R. 528 plan will use the toll plaza area to cross over the reversed lanes. FDOT is studying the

need for downstream attenuators in the toll plaza.

FHP is in favor of using the shoulder as a driving lane wherever possible. They feel it is inherently
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safer, easier to setup and would over the course of the evacuation move more traffic since there

would be less mobilization time.

The state is not considering or developing a one-way plan for the above corridors for reentry.

In all regions except Orlando, there are not enough law enforcement officers to fulfill their required
duties and to implement a one-way plan. FDLE estimated these regions have no more than '% of the
staff necessary. It will be necessary to train the other departments’ law enforcement personnel. FHP

and other officers with normal duties in traffic control will be mixed with those that do not.

National Guard has agreed to support the one-way plan. The National Guard has no powers of
arrest; they can only detain people. The National Guard typically has a twelve-hour notification and
mobilization time. The use of National Guard will have to consider this constraint in developing
timetables for implementation. It will likely require the state to make the go/no go decision to one-

way earlier with less accurate weather forecasts.

FDOT is creating a State ITS Engineer to coordinate all the districts’ ITS activities. The state has a

statewide strategic plan for ITS.

FDOT has committed to installing signing along major state routes for key shelters. Steve Decker is

coordinating this effort with the FDOT District offices. He has developed a flip down sign.

FDOT is investigating means to provide emergency refueling service to give vehicles enough gas to
get to a gas station. Some wrecker services provided free towing services, particularly if they were

already in the area.

FHP is working with the trucking associations to curtail commercial vehicles during a hurricane
evacuation. This would improve the roadway capacity and safety. Any truck traffic would be
confined to the normal lanes and not the reversed lanes. The trucking associations are agreeable and

volunteered to curtail trips during Hurricane Floyd.
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Traveler Information

We need, for hurricane evacuations, to tell the public what to do, when to do it, where to go and
when they can return. Therefore, we need different messages with different methods to transmit

them for the different “audiences”.

There are three groups that we need to design travel information systems. We need to provide
information for those at their origin about who needs to evacuate but also those who do not. TV,
radio and the Internet are good methods for this type of information. DCA felt we communicated
well on who needed to evacuate but not those who did not need to leave. Evacuees need good
information en-route. This is limited largely to radio and signs (VMS and static). Evacuees need
information at their destinations (shelters, hotels, and private homes) when and how they can return.
DCA relies on the statewide conference calls with the 67 counties to advise each other on reentry
status. Itis their intention to use the host county to relay reentry information to evacuees sheltered in

their county. They will expand this conference call to include adjacent states.

The state needs agreements and cooperation with commercial radio and TV stations to provide travel

information.

DCA is considering the use of broadcast faxes to disseminate more information to local law

enforcement agencies.

NEXT STORM ACTIVITIES

FHP suggested that future roadway construction be analyzed for improvements that would improve
hurricane evacuation. They suggested the rumble strips on the shoulders be moved closer to the
white edgeline. This would allow the shoulder be used as an emergency driving lane while not

reducing the effectiveness of the rumble strip if it was moved away from the driving lane.

FDOT will only close roads at the request of FHP. IN the past requests were received from other

agencies without coordination.
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Traveler Information

FHP feels FDOT needs a lot more permanent VMS signs on the Interstates.

We need to better move and guide evacuees to the shelters in the host areas.

FHP plans to use the trailer mounted radar units. They have found them effective to regulate speed.

DCA would like to expand Jefferson County’s idea of flyers to evacuees. They also would like to

give them FHP officers.
Each county needs to develop some sort of reentry plan. There is a security and safety issue of
restricting access to residents and property owners. The reentry plan has a great affect on traffic as

drivers are checked for legimate right of access.

Communications

The FHP wants to complete the statewide 800 MHz radio system for all law enforcement agencies

and FDOT.

FHP is requesting funds to install mobile data terminals in patrol cars. The system would use secure
cellular datapak technology. The estimated price is based upon leased equipment with a recurring

cost of $ 7,000,000 per year.

A-35



SOUTHEAST UNITED STATES HURRICANE STUDY

MEETING MINUTES
Georgia Department of Transportation
January 13, 2000
Attendees Agency Telephone  Email
Chuck Gregg GEMA (912) 691-5560 cgregg@gema.state.ga.us
Jeff Griffith GDOT District 5 (912) 427-5788 jeftery.griffith@dot.state.ga.us
Chad Hartley GDOT Distr. 5 Maint. (912) 427-5740 chad.hartley@dot.state.ga.us
Jerry Morris GDOT State Maint. (912) 386-3312 jerryc.morris@dot.state.ga.us
Bryant Poole GDOT State Maint. (404) 656-5316 bryant.poole@dot.state.ga.us
Floyd Moore FHWA - Atlanta (404) 562-3654 floyd.moore@fthwa.dot.gov
George Schoene FHWA-D.C. (202) 366-2197 george.schoene@fthwa.dot.gov
Alf Badgett PBSJ (704) 522-7275 habadgett@pbsj.com

The meeting was a continuation of a discussion with Texas DOT staff about one-waying limited

access highways for hurricane evacuation. These minutes include the end of that discussion.

Alf Badgett introduced the purpose of the meeting and the project schedule. He also provided a brief
description on FHWA-Washington’s work beyond the PBSJ study. The discussion, not necessarily
in order of how it was discussed, is grouped in relevant topics below:

GENERAL

Evacuation orders are a local county decision.

Georgia Department of Transportation

It is GDOT’s general philosophy that they take cover during the passing of the storm and to end
operations when the weather becomes dangerous. In a mandatory evacuation, optional personnel are
evacuated. Essential personnel are asked but not required to stay; they did.

GDOT maintenance personnel use low band radios and each district has a different frequency.

GDOT construction personnel use high band radios. Newer radios are equipped with multiple

frequencies. Area maintenance engineers and higher has both district frequencies.
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GDOT developed a one-way plan for I-16 as a contingency plan. GDOT never advertised or touted
the plan. The plan used GDOT law enforcement personnel for enforcement. GDOT law
enforcement personnel are the weigh station officers and truck enforcement patrolmen. GSP did not

commit to the plan due to staffing limitations

GDOT had mobilized and deployed twice before without implementing the plan. In each case, the
effort was called off. The previous occurrences were Hurricanes Bertha and Fran in 1996. During
the first mobilization, GDOT used their personnel with barricades to establish the roadblocks.
Citizens challenged their authority. GDOT decided to use vehicles to block more effectively the

closed ramps and to employ police for the roadblocks.

The one-way plan requires GDOT and others to decide 36-48 hours before landfall if they will

mobilize for a one-way operation.

Georgia State Patrol

Georgia State Patrol is adding push bumpers to patrol cars to removed disabled vehicles from the

roadway.

HURRICANE FLOYD

GDOT had been warned by the Chatham County Emergency Management staff of a possible desire
to one-way [-16. GDOT placed staff on standby, began moving equipment to safe areas, and
propositioned other equipment. GDOT mobilized Monday afternoon before the storm for the one-
way operation. GDOT had already begun moving vulnerable equipment and positioning other

cleanup equipment.
The official request by Chatham County Emergency Management came Monday night. GDOT

intended to time the one-way plan implementation with the mandatory evacuation order. Traffic

congestion hampered this goal.
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The mandatory evacuation order of the barrier islands was effective at 8:00 A.M. with the voluntary
order of other areas at the same time. The mandatory evacuation order of the inland areas was

effective at 12:00 P.M.

Georgia DOT (GDOT) had developed a plan to one-way I-16 as described in handouts. The one-
way limits extended from the eastern terminus of I-16 in downtown Savannah to U.S.1 near
Swainsboro. GDOT developed the plan using GDOT law enforcement officers to provide the police
service to close ramps and direct traffic. These officers are the truck enforcement and weigh station

patrol units.

Before the deployment for the one-way plan GSP volunteered to help and deployed their officers

instead of the GDOT enforcement officers. This was essential element to the success of the plan.

The one-way plan included GSP pilot cars to close down the eastbound lanes before implementation
of the one-way operation. The pilot cars were utilized from the downstream end and not in sections
simultaneously. All eastbound I-16 traffic was diverted onto GA 297. This provided a buffer
between the eastbound traffic and the one-way operation. GSP used line patrols to keep traffic
flowing, clear accidents and disabled vehicles. GSP also employed aerial surveillance. The
westbound one-way began at Montgomery Street in downtown Savannah. GDOT selected U.S. 1 as

the terminus because it was a major north-south route and it could dissipate traffic onto other routes.

GDOT’s one-way plan employs construction personnel for many of the evacuation activities. This
includes traffic monitoring and collecting sample traffic counts. Their first priority is to secure
construction records. This did not interfere with setting up for the one-way plan. This allows GDOT

to save the maintenance personnel for clean up operations.

Evacuation Problem Areas

GDOT felt the mobilization and deployment of personnel and equipment to one-way I-16 needs to

be faster. Too much time was lost in setting up.
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Not all of the VMS signs were available; none were requested and brought in from outside of the
District. District 5 has five portable VMS signs. The one-way operation began without all of the
signs and barricades in place. GDOT feels they can rent VMS signs from the contractors though it
was not attempted. GDOT uses verbal and gentlemen’s agreements to secure contractor equipment

and personnel.

District 5 does not have any portable highway advisory radios (HAR’s). The Department has found
them undependable.

Congestion on I-16 was very heavy. The drive from downtown Savannah to 1-95 normally takes
about 30 minutes and during the evacuation took 3 hours. Travel from Savannah to Atlanta took 12

hours.

In spite of the congestion the plan went as expected and GDOT and GSP felt it worked well. The
congestion occurred due to the late start of the one-way plan and the design of the downstream
terminus. Everyone who needed to evacuate from Chatham County did in time. The public’s

expectation of travel time was much higher.

The single lane ramp between [-95 northbound and westbound I-16 caused long backups on 1-95.
The ramp and paved shoulders are not wide enough for two lanes of travel. GDOT monitored the
traffic on [-95 from 10:00 to 1:00 P.M. due to their inability to get there before the weather got to
bad.

There were many accidents along I-16 and [-95. Many patrolmen were tied up filling out accident

forms.

Numerous private vehicles ran out of gas because the drivers were not prepared. Georgia State
Patrol (GSP) had great difficulty getting wreckers to remove vehicles since those businesses were
closing to evacuate.

GSP used the right shoulder for emergency access and for patrolling. GSP had considerable
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problems with flat tires on their patrol vehicles. These flat tires occurred due to debris on the paved

right shoulder. GSP had to call out wreckers to fix flat tires after they used the spare tire.

Emergency vehicles, particularly ambulances, coming to Savannah to help evacuate patients

interfered with the one-way accident and nearly caused some accidents.
The first rest area is west of Dublin. Vehicles in the reversed lanes were not allowed to exit or
reenter before the terminus of the one-way operation; therefore, bathrooms became a problem. All

exits and entrances for the normal westbound lanes were open.

Reentry Problem Areas

Some cars that were abandoned or disabled and left on the shoulders were vandalized. Vehicles left
on the shoulders of the reversed lanes need to be turned around before reentry. Turning them during

reentry caused problems.

Traveler Information

More public information is needed. The public information staff needs more knowledge of the

conditions and status of the one-way plan.

Communications

Interagency radio communications is a problem. Some essential DOT managers can communicate
with their 900 MHz radios with GSP. Some GDOT staff were not aware of this. Bryant Poole
stated that one had to know the GSP numbers. Southern Link is the vendor of this service.

GDOT closed some offices and shut down their transmitters due to flooding potential. These were

the area offices in Savannah and Brunswick.

Not all GDOT vehicles have radios. They are in all supervisors’ vehicles.
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The cell phones did experience congestion problems.

POST HURRICANE ACTIVITIES

GDOT is revising the plan to one-way I-16 to extend the reversal to Dublin and U.S. 441. GDOT
will construct a paved crossover to move the diverted traffic back to the normal westbound lanes.
GDOT does not feel the one-way can extend to Macon due to the configuration of the I-16 and I-75

interchange.

GDOT is considering portable and permanent VMS signs. Traffic Engineering has developed a draft

plan for deployment of ITS components in the coastal area to facilitate hurricane evacuation.

GDOT is considering installing permanent antennae to improve reception and coverage area.

It is desired to lessen the travel demand by using more in county shelters.

Traveler Information

GDOT needs to coordinate with the welcome center employees to disseminate evacuation
information. There is town operated visitor center in Metter. GDOT feels they need to work them to

provide evacuation information.

NEXT STORM ACTIVITIES

GDOT is considering adding portable toilets in weigh stations.

GDOT is considering moving up the beginning of the one-way operation for a similar storm. They

will definitely mobilize sooner.

GDOT hopes the counter data could be used to provide data to guide the start of the next one-way
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operation.

Some exits and entrances in the reversed lanes will be open to allow for traffic dispersion and to use

services and food.

The evacuation of pets and animals needs to be considered. There were some problems due to

prolonged travel time drivers had to stop to give animals a rest breaks alongside the Interstate.

GDOT is considering adding a rest area within the limits of the one-way plan.

A-42



SOUTHEAST UNITED STATES HURRICANE STUDY
MEETING MINUTES

North Carolina Department of Transportation
December 6, 1999

Attendees Agency Telephone Email

Don Goins NCDOT Operations  (919) 733-7621 jgoins@dot.state.nc.us

David Allsbrook NCDOT Operations (919) 733-2330 dallsbrook@dot.state.nc.us
Terry Hopkins NCDOT Traffic Eng.  (919) 250-4151 thopkins@dot.state.nc.us
Theresa Wyatt NCDOT Operations  (919) 715-5657 twyatt@dot.state.nc.us

Kelly Hutchinson NCDOT Construction (919) 733-2210 khutchinson@dot.state.nc.us
David Snyder FHWA - Raleigh (919) 856-4354 dsnyder@fhwa.dot.state.nc.us
Don Voelker FHWA - Raleigh (919) 856-4347 dvoelker@thwa.dot.state.nc.us
George Schoene FHWA-D.C. (202) 366-2197 george.schoene@fthwa.dot.gov
Alf Badgett PBSJ (704) 522-7275 habadgett@pbsj.com

Alf Badgett introduced the purpose of the meeting and the project schedule. He also provided a brief
description on FHWA-Washington’s work beyond the PBSJ study. The discussion, not necessarily

in order of how it was discussed, is grouped in relevant topics below:

GENERAL

Evacuation orders are a local county decision. Local NCDOT managers keep in touch with local

emergency management officials.

The North Carolina Emergency Management Division (NCEMD) develops the evacuation plans and
NCDOT has a secondary role in that effort.

If a storm is forecast, NCDOT notifies all Divisions and 100 men in eight men crews with their
equipment. They load up and standby for deployment. In the past, they were equipped for road

clearing operations. Due to Floyd, the equipment needs may change.

It is NCDOT’s general philosophy that they take cover during the passing of the storm and to stop

operations when the weather becomes dangerous.

The maintenance yards and equipment yards have limited backup power through generators. That
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generally did not prove to be problem in Hurricane Floyd.

Local maintenance engineers and some construction personnel have radios equipped to talk directly
with State Highway Patrol. Division Engineers and Incident Management and Assistance Patrol
(IMAP) units also have radios equipped to talk to State Highway Patrol.

Not all NCDOT vehicles are equipped with radios. Radios are in all supervisor vehicles.

NCDOT had not developed any plans for one-waying [-40 from Wilmington inland before Hurricane
Floyd.

Most evacuation routes are already signed.

DOT has historically not used special event signal timing plans to move evacuation traffic.

HURRICANE FLOYD

Accommodations for deployed personnel were a problem. Utility companies apparently have
agreements to reserve large blocks of rooms at hotels and they preempted NCDOT. Personnel from
four western divisions were pre-positioned to Raleigh and Greensboro 24 hours before the storm

made landfall.

The county evacuation plans need to expand to address regional problems.

Evacuation Problem Areas

Due to the prolonged flooding problems and extensive road closures the NCDOT ran out of
barricades and had to manufacture them. The Traffic Engineering Branch had difficulty getting
enough VMS signs to the eastern part of the state. They could not rent enough VMS signs.

Congestion on 1-40 was very heavy. Traffic moved at 20 miles per hour. The normal trip of two
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hours took five hours.

The Third (Wilmington) Division office initiated the effort to one-way [-40. NCDOT assembled a
team in Raleigh and developed a rough plan in about an hour. The plan included pilot cars to start
the one-way operation. The traffic congestion began to ease and NCDOT did not implement the
one-way plan.

Aerial traffic surveillance was not used.

Reentry Problem Areas

The Fourth Division headquarters in Greenville was flooded and they had to relocate temporarily.

Traveler Information

NCDOT used its web site to post all road closures and they continuously updated it. The Division

offices were required to report to the Chief Engineer every three hours of road closures.

NCDOT personnel manned a telephone service center after the immediate passing of the storm to
respond to the public’s inquiries. Due to the large numbers of calls, NCDOT called in additional
staff to answer telephones.

NCDOT recognizes the traveler information system needs to address shelter information.

Communications

Interagency radio communications is a problem. NCDOT feels there were some communications

problems with State Highway Patrol communicating the status of road closures.

The cell phones did not experience congestion problems except in areas, such as Buxton, where the

loss of all electricity cut off the cell phone system.
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There were some local telecommunications problems due to flooding.

NCEMD wants a NCDOT manager in each local emergency operations center. NCDOT feels they

cannot spare enough local managers and wants a regional emergency transportation center.

POST HURRICANE ACTIVITIES

NCDOT developed a rough estimate for implementation of ITS on [-40. This $ 44 million plan
included approximately six CCTV cameras, VMS signs, automated gates to close ramps and a third
westbound lane on [-40. NCDOT is going to develop a plan. The plan will not include roadway

construction.

As an alternative, they are considering using the shoulder for a third lane instead of reversing the
eastbound lanes. An interagency team is leaning towards this alternative. The Cape Fear River
Bridge at the east end does not have a full width outside shoulder. The right shoulder is eight feet

wide.

Independent of the storm, NCDOT is installing cable guardrail in the median to prevent cross

median head-on accidents. The median on I-40 is very flat.

NCDOT is developing a contingency plan to one-way [-40. That effort will include conditions for
implementation, physical setups of equipment, staffing and material needs. Tentatively, the one-way

operation will extend to [-95. They may extend the plan to Raleigh.
NCDOT is developing special event signal timing plans. Division Traffic Services personnel will
implement them. There are no current plans to upgrade more arterial signal systems to allow remote

implementation of special event signal timing plans.

Traveler Information
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See attached memo of a telephone conversation with Kelly Hutchinson concerning the traveler

information system plans.

Misc.

The Governor’s Hurricane Workshop meeting is March 12/00 to 3/15/00 at Sea Trail Resort in

Sunset Beach.

NEXT STORM ACTIVITIES

NCDOT is developing a longer-range plan of regional traffic management centers in Charlotte,
Greensboro/Winston Salem/High Point area, Raleigh/Durham/Research Triangle Park area,
Fayetteville, Asheville and Wilmington. The traffic management center in Raleigh would serve as

the supervisory control center and as a backup to a regional center.
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SOUTHEAST UNITED STATES HURRICANE STUDY

MEETING MINUTES
North Carolina State Highway Patrol
December 6, 1999

Attendees Agency Telephone  Email

Lt. Col. C.D. Blackman Highway Patrol — Field Operations (919) 733-4030 cblackman@ncshp.org

Major Ralph Price Highway Patrol — Field Operations (919) 894-1449 rprice@ncshp.org

Major D.G. King Highway Patrol — Field Operations (336) 449-1371 dking@ncshp.or:

Capt. B.A. Apple Highway Patrol - Wilmington (919) 486-1058 bapple@ncshp.org

Lt. Walter Wilson, Jr. Highway Patrol - Greenville (252) 758-5300 wwilson@ncshp.org

G.W. Griffin Highway Patrol - Communications (919) 733-7956 ggriffin@ncshp.org

David Snyder FHWA - Raleigh (919) 856-4354 dsnyder@thwa.dot.state.nc.us
George Schoene FHWA-D.C. (202) 366-2197 george.schoene@fthwa.dot.gov
Alf Badgett PBSJ (704) 522-7275 habadgett@pbsj.com

Alf Badgett introduced the purpose of the meeting and the project schedule. He also provided a brief
description on FHWA-Washington’s work beyond the PBSJ study. The discussion, not necessarily

in order of how it was discussed, is grouped in relevant topics below:

GENERAL

Local NCDOT highway maintenance engineers and some construction personnel have radios
equipped to talk directly with State Highway Patrol. Division Engineers and Incident Management
and Assistance Patrol (IMAP) units also have radios equipped to talk to State Highway Patrol.

The State Highway Patrol (SHP) does not use fixed wing aircraft. They have eleven OH-58
helicopters. They are not instrument-equipped and the pilots are not trained for that type of flying.

As a potentially threatening storm approaches SHP places all troopers on standby. They are
instructed to pack and load to leave for a one-week duty out of town. They must leave within 45
minutes after receiving orders. SHP deploys troopers in squads from the same units. A squad
includes a sergeant and seven troopers. Deployed troopers are generally used at roadblocks, rather

than as patrols, due to unfamiliarity of the local roads.

SHP uses the Motorola 800 MHz radio system in four of five areas of state. Elsewhere they use low

band communications. They have 19 channels/frequencies. All vehicles are equipped with the low
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band frequencies. Frequencies are assigned to certain troops. Officers deployed away from their

normal stations use the frequencies of the troops they are assisting.

HURRICANE FLOYD

Evacuation Problem Areas

Traffic completely stopped at times on [-40 as far west as Burlington.

The intense driving rain coming down sideways made travel very difficult. The maximum safe

speed was about 30 mph.

Certain roadways flooded prematurely and required early road closures. These roadways included

NC 24, NC 210 and NC 53.

By 6:00 P.M., the traffic on I-40 began to clear before the storm.

Generally, the evacuation went well except for the high volume of traffic on I-95 due to evacuations

from South Carolina, Georgia and Florida.

State Highway Patrol arranged through local commanders with hotels to accommodate out of town

troopers. They pay the state standard rates.

The college students did not want to evacuate and the parents wanted them out of harm’s way.

U.S. 74 was under-utilized during the evacuation.

During the storm, NCDOT developed a contingency plan to one-way [-40. The plan, as presented to

SHP, only provided SHP 1'% hours to implement. SHP was concerned how evacuating traffic would

tie to Raleigh traffic. This plan would have dumped traffic onto I-95.
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Reentry Problem Areas

NCDOT wanted to reopen roadways with 12”” of water on them, which SHP felt, should not be done.

VMS signs are needed in the Bogue Banks areas.

Many of the islands, particularly in the Wilmington and Morehead City areas, have multiple
jurisdictions. The jurisdictions did not coordinate well their reentry decisions before the 1999
hurricane season. As an example, the Towns of Emerald Isle and Atlantic Beach wanted to close
access the barrier islands while other towns wanted the roads open. Current policy requires SHP to
man the checkpoints and the reentry is coordinated through the local emergency operations center
(EOC). The towns advise their EOC if they are “open” or “closed” to the public. Then SHP officers
with the EOC staff will determine if a road is clear. Ifthe road is clear and a town has declared they
are “open”, then SHP will allow residents to go there. SHP staff felt this worked well except signs
are needed on the roads leading to the checkpoints to advise drivers in advance if particular towns

are open or closed.

Communications

Road closure information was not timely enough. The opening and closing of roads as the water
levels changed was confusing. Traveler information was a problem during evacuation and reentry.
The nature of the evacuees is different in the coastal area and information needs to be developed to
communicate to these different groups. I.e. in the Dare County area, 95% of the evacuees are

tourists. In the Morehead City area, they are mostly local residents.

The state needs one clearinghouse for traffic information.

POST HURRICANE ACTIVITIES

The State Highway Patrol is working with NCDOT on a one-way plan for [-40. The State Highway

Patrol is concerned with the following issues pertaining to a one-way plan:
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e Requires hard closures of ramps.

e They need about 3-4 hours to move officers to the corridor and to implement.

e How does the plan interface with the freeways around Raleigh?

e How does plan handle traffic on I-95 that was swamped with other evacuating traffic?

e The design of the I-40 rest areas in the median causes some problems for traffic control to
prevent wrong way movements.

e The plan must be a regional one.

SHP needs four to five hours to facilitate the evacuation of Dare County due to the travel time to get

officers to that part of the state.

They have been advised that NCDOT is not in favor of using the shoulder as a driving lane. The
NCDOT is concerned that:

Shoulders are not designed for sustained traffic.

Shoulders are needed for EMS and law enforcement access and disabled vehicles.

The SHP staff felt camera surveillance would be helpful. They are in favor of highway advisory
radios (HAR) based upon their experiences with the fog system in Haywood County on 1-40 that
incorporates variable message signs (VMS) signs and HAR.

SHP thought some evacuation routes were not signed. They feel the shelters need to be signed.

Traveler Information

More timely information on road closures is needed. The question was raised since there were 1500

roads closed at the peak if we should tell them what roads are open than what roads are closed.

NEXT STORM ACTIVITIES
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When asked about staged evacuations to manage the evacuation traffic it was found that is done
some in Wilmington and the Outer Banks area of Dare County. The more inland areas are asked to

evacuate first before the further east areas.

SHP is in favor of mandatory evacuation routes such that evacuees would be required to take a

certain route. This is similar the nuclear power plant evacuation routes.
Capt. Apple would like to flash the traffic lights on College Road in Wilmington with SHP
monitoring. The troopers would only direct traffic as needed to accommodate the side streets. He

feels the signals were cycling too much to the side streets for too long.

Communications

The SHP wants a common radio system or one that allows communications across departments to
other law enforcement agencies and to DOT. SHP mentioned there is a NLEEC designated radio

frequency already reserved that could provide some means of communications across departments.
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SOUTHEAST UNITED STATES HURRICANE STUDY

MEETING MINUTES
November 3, 1999

Attendees Agency Telephone  Email

Dick Jenkins SCDOT (803) 737-1455 jenkinsrfl@dot.state.sc.us

Don Turner SCDOT (803) 737-1459 turnerds@dot.state.sc.us

Capt. Harry Stubblefield SC Highway Patrol (803) 896-8091 stubblefield harrya@scdps.state.sc.us
Steve Ikerd FHWA (803) 253-3885  sikerd@sc.thwa.dot.gov

John Sullivan FHWA (803) 765-5282  jsulliva@sc.thwa.dot.gov

Don Steinke FHWA (202) 366-1993  don.steinke@fhwa.dot.gov

Alf Badgett PBSJ (704) 522-7275 habadgett@pbsj.com

Alf Badgett introduced the purpose of the meeting and the project schedule. He also provided a brief
description on FHWA-Washington’s work beyond the PBSJ study. The discussion, not necessarily

in order of how it was discussed, is grouped in relevant topics below:

HURRICANE FLOYD

Prior to Hurricane Floyd, SCDOT and SCHP did not pre-position equipment for lane reversal on I-
26 before the storm. The plan used to implement the lane reversal was a concept plan that SCDOT
and Highway Patrol had not fully embraced by all state and local agencies. The implementation of

the plan was developed within a day of the Hurricane (Floyd).
SHEP (State Highway Emergency Patrol), motorist assistance patrol, units were used during the
evacuation and reentry to assist motorists and incident management on I-26. The SHEP units are

also used to provide real time visual traffic reports.

Evacuation Problem Areas

The timing of the voluntary and mandatory evacuations was too close together. People heeded the
voluntary evacuation order more seriously and clogged the roadways for those who needed to

evacuate.

Traffic was very slow and the travel time to Columbia on I-26 took upwards of fourteen hours
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compared to a normal 2-'2 hour drive.

Everyone wanted to use I-26 and not the other parallel routes. The two principal bottlenecks were I-
526/26 and [-26/95. Drivers became frustrated and crossed over median and returned to Charleston.
Highway Patrol issued some tickets for this problem but they were later forgiven. This also hinders

the clearing process by Highway Patrol to implement the one-way plan.

In many of the small towns along the evacuation routes, the traffic signals delayed traffic. Some
local intersections that were supposed to have local police officers directing traffic went unmanned.
This resulted in some traffic back-ups. Since these towns only have a few signals, it is felt
modernizing the equipment would have limited value since they are isolated intersections and

coordination is unnecessary.

Highway Patrol utilized some aerial surveillance from other agencies. It is felt the quality of the
observations were of limited benefit. The observations were relayed through each agencies'
dispatchers. In addition, by the time the State EOC receives the information, it was dated and its

value was further reduced.

There were some problems with fuel availability due to extended travel times and a lack of

motorists’ preparation. In some cases businesses closed early.

SCDOT and Highway Patrol observed numerous vehicles that were carrying and pulling everything

they owned which further reducing the roadway capacity.

Reentry Problem Areas

The reentry worked well once traffic was clear of Columbia. Eastbound traffic moved at near
highway speeds. However, in Columbia there was a 10-mile backup in Columbia on I-26. This was
related to some temporary crossover construction and some lane assignments at the merge points.

VMS’s (variable message signs) were used on reentry to advise of ramp closures at [-95/1-26. They
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were also use at US 378 to advise of alternate routes to 1-95.
HAR’s (highway advisory radios) were used on reentry in Columbia. They were used to advise the
eastbound traffic in the formerly westbound lanes that they would be “express” to Charleston.

Drivers stopped anyway on the medians where the crossovers were located and asked directions.

Communications

Radio communications within Highway Patrol and with other units was a problem as previously
discovered in Hurricane Hugo. The communications difficulties exist because of the variety of
equipment that is not necessarily compatible. Highway Patrol has 800 MHz along I-26, in
Charleston. Elsewhere Highway Patrol uses high and low band frequencies depending on local
conditions. All officers have a low band radio and either a high band or 800 MHz radio. The
Highway patrol uses the local government 800 MHz in Charleston. They use the SCANA owned
system on [-26. Any reconfigurations of talk groups are expensive. All lieutenants and above have
NEXTEL cell telephones. In areas where there is not digital service, they may also have analog

telephones. Some Highway Patrol units in Columbia have mobile data terminals.

SCDOT uses both low and high band frequencies, depending on local conditions. The SCDOT and
Highway Patrol radios are on different frequencies. The Highway Patrol officers using 800 MHz
radios cannot talk to SLED (State Law Enforcement Division), Wildlife or DOT units. Any
communications between departments and between different frequencies have to be relayed/repeated
by the dispatchers. The low band radios are limited to 10-15 mile range. Key personnel have cell

telephones, typically District Engineers, Resident Engineers and higher.

SCDOT SHEP units use 800 MHz and low band radios. The units are based in Columbia,
Charleston, Rock Hill, and Spartanburg and are dispatched through Highway Patrol. The SHEP

units are on different talk groups from Highway Patrol and cannot talk directly to the officers.

In general, both Highway Patrol and SCDOT have experienced reliability problems with their cell

telephones during peak usage times.
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The new State EOC (Emergency Operations Center) will be a dedicated and equipped facility unlike
the present facility shared with the Department of Education. This new EOC will exhibit a high state

of readiness. The local EOC’s generally do not have pre-positioned equipment.

POST HURRICANE ACTIVITIES

In general, the SCDOT and Highway Patrol do not want to use the paved shoulders for driving lanes.
They are needed for breakdowns and emergencies and are not structurally built for heavy use.
Although there are parallel roads on both sides of [-26, the turn around for the officers is too long.
The use of a contra-flow lane where one lane remains open for traffic going to the coast and three
lanes serve one direction for evacuation is not an option from the Governor. All lanes of I-26 are to

be directed to Columbia in an evacuation.

SCDOT

The present one-way evacuation plan is basically the same as that implemented during Hurricane
Floyd except that it extends to Columbia instead of [-95. The SCDOT and Highway Patrol is
updating and refining and more detailed operations plans are being developed. At this time, a

detailed staffing plan has not been completed.

SCDOT is constructing paved crossovers at each end of the I-26 corridor as well selected
interchanges on [-26. Permanent gates will close the crossovers during normal conditions. The

crossovers will be designed for 45 mph.

SCDOT, Highway Patrol and FHWA will conduct an in-depth field review of the evacuation routes

to identify any obstacles that must be considered in developing the overall plan.
SCDOT is considering adding some sort of movable gates on the ramps that would be closed during

a one-way operation. They do not envision automated gates due to costs, maintenance and

frequency of use. They will be used with Highway Patrol officers to enforce the one-way plan.
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Officers are essential and are very effective.

The SCDOT is considering making certain routes mandatory rather than advisable to manage
evacuation congestion in certain areas. This concept is complicated by the need for seasonal
residents and property owners who need to secure property and take care of family members. In

particular, Hilton Head is a special concern with its high number of retirees with mobility problems.

The SCDOT does not presently have a formal ITS (Intelligent Transportation System) Statewide
Plan. The Executive Director and other senior management have been supportive of ITS and most

work has been accomplished through road construction projects.

Most VMS’s are cell telephone accessible. A plan is being developed where they and the HAR’s
will be located. The SCDOT is considering installing ground rods and tie downs so they will be
properly grounded and secured during high winds. They are looking at the concept of a longer-range
project to install fiber optic cable in the right of way for video and data communications along

Interstates and to Myrtle Beach. This would possibly be a public/private partnership.

SCDOT will be adding surveillance cameras at the critical interchanges on 1-26 so those
interchanges will have coverage in all directions. Those interchanges are I-77,1-95, and [-526. The
method of communicating the video to Columbia has not been determined but they are considering

T-1 or dial up communications.

SCDOT will be adding a few permanent count stations along [-26. They will have dial-up access,

and will be able to provide traffic count and speed data.

SCDOT is studying the addition of cameras on some arterial signal systems along evacuation route

where telephone communications with signal systems are present.

A plan is being formulated to provide the camera surveillance video at the State EOC.

A widening project on 1-26 is currently under construction between mileposts 199 and 210 near
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Charleston. The project includes full motion video and detection. This project will be complete in
the spring of 2000. The Department is investigating extending this to [-526 through fiber

communications. Work is proceeding to transmit the video and data to Columbia.
SCDOT is not considering one-waying [-95 to evacuate the coastal area. 1-95 parallels the coast and
it does not safely remove residents from the area. 1-95 is used for evacuation in some areas but it

will not be one-wayed. Further, it is too labor intensive to one-way both I-26 and 1-95.

SCDOT has established communications links with Georgia and North Carolina for sharing

transportation operations information.

SC Highway Patrol

Highway Patrol is developing a detailed plan of each officer’s evacuation duties including narratives
and digital photos. Highway Patrol is preparing a PowerPoint presentation for briefing all officers
prior to a plan implementation. The plan will identify whom and from what units the officers will be

deployed to assist storm-affected units.

Highway Patrol is investigating either transferring surplus National Guard four-wheel drive vehicles

or buying such vehicles for Interstate shoulder and median patrol use.

Highway Patrol is considering the purchase of their own plane. In any case, future Highway Patrol

efforts will include the observers.
Highway Patrol would like the exit numbers painted or displayed at each interchange to assist aerial
surveillance. This would allow their observers and pilots that are not thoroughly familiar with the

corridors to easily determine their locations. SCDOT is working with them on this matter.

Traveler Information

Highway Patrol and SCDOT are developing a real time web site for public access for travel
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conditions. SCDOT wants a system to advise motorists early of alternate routes. The preparation
and distribution of literature in hotels for evacuation is also being considered. It may be zip code

based.
The group discussed staged evacuations to manage the congestion. It was felt it was a good idea but
most were unsure how this could be made to work considering each driver's behavior. Staggered

evacuations are not considered popular with the public and would be very difficult to enforce.

Communications

Highway Patrol is studying the feasibility of a new statewide 800 MHz radio system for all the state

law enforcement agencies. An estimated price from Motorola to Highway Patrol is $ 10,000,000.

NEXT STORM ACTIVITIES

The implementation of the one-way plan will depend on the storm intensity. It is thought at this time

the storm must be at least a “high category 2”. The City of Charleston agrees with this idea.

The rest areas along [-26 will be open during evacuation and during reentry for services. Highway

Patrol will be on-duty to prevent wrong way movements.

During the next event, SCDOT will close the ramps at the major interchanges of US 301 and US
601. Traffic from I-95 will not be allowed to enter I-26.

The group was doubtful that restrictions on vehicle types could be done.

SCDOT

SCDOT estimates it will take them about 1 1/2 hours to mobilize. They will pre-position certain
equipment and materials in local maintenance yards. VMS signs and HAR’s from other surveillance

systems in the state will likely be shifted during an event to the 1-26 corridor. VMS signs and
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HAR’s will be preprogrammed but not necessarily pre-positioned.

SHEP units will be used during evacuation and reentry to assist motorists and incident management.

SC Highway Patrol

SCHP will deploy officers to the coastal areas if there appears to be a need for a one-way plan
implementation. SCHP estimates it will take about six hours to mobilize and deploy the necessary
officers. Once the officers are on-site, the actual time to implement the plan will take about 2 to 2 >

hours, primarily to clear all traffic in the opposite direction.

During the one-way operation, Highway Patrol will use line patrols to monitor traffic, enforce traffic
laws and assist motorists. The Highway Patrol will utilize the median and not the crossroads for

their line patrol officers to run contra-flow to one-way traffic.

Supervisors will be assigned to cover an approximate six-interchange area for local decision making

and to back up the regular patrolmen.

The interchange of [-95/1-26 is a very critical element of the one-way plan. The Highway Patrol will
station a captain or lieutenant at the [-95/I-26 interchange to monitor traffic and make command
decisions if all the ramps need to be closed to eliminate all movements between the two

interchanges.

Communications

Highway Patrol will issue four portable radios to SCDOT senior management to permit SCDOT and
Highway Patrol senior management to directly communicate and manage the overall command and

control the evacuation operations.
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